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Mr. Carroll Wentz, Chairman 

Santa Clara County Planning Commission 

Court House 

San Jose, California 

Dear Mr. Wentz: 

I am pleased to transmit herewith Monograph Number 3 entitled, 
"FLOOD PROBLEMS IN SANTA CLARA COUNTY". Many problems must be solved 
in order that the best and ultimate development of Santa Clara County 
may be achieved. This report is one of a series dealing with such 
problems, and has been prepared in cooperation with the Santa Clara 
County Flood Control District. 

This study, combining information obtained from original surveys 
and previous reports by the Planning Commission and others, is divided 
into three parts: 

Part I: Land Inundation 

Part II: Contributing Factors: the soil and subsurface 

drainage 

Part III: Appendix 

The information concerning land inundation has been obtained 
from various local sources, and was checked against aerial maps and 
flood conditions existing during the winter of 1951-1952. 

There are three supplements to this report, all of which have 
been published separately in another book. The first supplement 
contains the tabulations which support the information in Part II. 

The second supplement contains previous reports which deal with Land 
Inundation, published by the Planning Commission and other interested 
agencies. The third supplement contains the Santa Clara County Flood 
Control Act. 


Respectfully submitted. 



KARL JS/BELSER, Director-Secretary 
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Inundation of Alviso, California, January 1952. South Bay com¬ 
munity in grip of muddy flood waters at peak of deluge. City 
became a ghost town, its citizens evacuated by Red Cross 
disaster workers to higher county areas. Plight of suffering city 
was worst in many years. 


Introduction 

The drainage problem of Santa Clara County is concerned with both sup 
face and underground waters. In this section of the report both the surface 
drainage and storm runoff problem will be analysed. 

In recent years the problem of land inundation has been brought to public 
attention by a considerable number of farmers as well as by home owners 
in new subdivisions and business firms. All persons involved have petitioned 
the County for relief, on the basis that: 

Land Inundation is an old problem that has been temporarily 
forgotten during years of little rainfall. 

Drainage is not an individual or a local problem. Like all other 
water problems, drainage and flood control must be studied and 
planned for on a watershed or valley-wide basis. 

An adequate drainage and flood control system has become of 
vital concern to both the urban dweller and the agriculturist. 


1. See Part 2, “Contributing Factors: The Soil and Subsurface Drainage,” for an 
analysis of the-characteristics of underground drainage. 
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A little channel improvement has been completed. Because the program has 
not had a comprehensive approach, drainage and flood control works have 
shifted the critical drainage problem from one point to a new point. 

The conservation dams constructed in the hills have afforded some relief 
from flooded conditions. However, there is always the danger of critical 
flooding arising from the overspill of full reservoirs, and the build up of 
storm waters originating on the valley floor. 

It is true that a better control over subdivisions has now been established 
and that some drainage facilities are being constructed by the County in the 
Alum Rock-Evergreen area. Again this is only the spot or individual ap¬ 
proach to a most critical problem. 

Because the coordinated approach has been lacking, the County is little 
better off today than twenty years ago, excepting for the flood checking 
features of the conservation dams and the drainage structures in the Alum 
Rock-Evergreen area. In the twenty years, large areas of North Santa Clara 
Valley have become urbanized. Thus, the drainage problem today is at its 
most critical stage. 


Highlights 

Flood control is a dual phased operation dealing with (1) the control of 
storm waters originating in the mountains, and (2) the control of storm 
waters originating on the valley floor. The first phase is now being studied 
by the Santa Clara Valley Water Conservation District and by the State 
Water Conservation Board. This report deals primarily with the latter 
phase. 

Conservation works cannot be used successfully to control flood and storm 
runoff waters originating on the valley floor. 

Before the valley was settled large land areas in swamps were natural hold¬ 
ing ponds which collected and held storm runoff waters until they could 
reach the San Francisco Bay and the Pajaro River. 

The drainage problem is man-created: 

Swamps and natural drainage channels have been filled in. 

Excessive pumping from the underground table indirectly 
caused land subsidence adjacent to San Francisco Bay. 





Land subsidence has caused a change in the gradient of the 
valley floor. This is because the inland areas have subsided at 
a faster rate than the tide lands. The result has been to flatten 
large areas around San Jose and Mountain View and to steepen 
areas just south of these new flat spots. 

Subdivisions of the valley floor has increased the storm runoff 
and is overtaxing present drainage structures. 

In general the frequency of flood producing storms follows the twenty year 
rainfall cycle. 

In the future the greatest flood danger will be from any one or a combina- 
tion of any of the following hydrographic conditions: 

Overspill of conservation reservoirs in exceedingly wet winters. 

Saturation of the soil by continuous rainfall followed by a flood 
producing storm. 

Flash floods in highly urbanized areas which overload the 
storm drainage systems. 

In the tidal areas high runoff of surface waters combined with 
high bay tides cause a ponding which inundates large land 
areas on the flat plain adjacent to the San Francisco Bay and 
the Pajaro River. 

The design of drainage structures is in its formative stages. 

Because hydrological engineering is a very specialized form of 
engineering, specialists are needed to design drainage structures 
and to prepare an overall drainage and storm control plan. 

Incorrectly designed drainage structures contribute to flood 
conditions. 

The increasing intensity of floods now makes obsolete drain¬ 
age structures which were formerly considered adequate. 




The principal physical factors contributing to flood conditions are uncon- 
trolled surface waters, tidal flooding, high groundwater tables, clay and 
other impervious soils, and sinking of the valley floor. The condition is fur¬ 
ther aggravated by tidal dikes, roads which form inverted dams, and cul¬ 
verts of inadequate capacity. 
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Woodhaven,- East San Jose, January 1952. Rains 
from Mt. Hamilton tilled this little stream to 
overflowing. 
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Action Taken Between 1940 and 1952 

For several years there has been a recognition of the critical problem aris- 
ing from storm runoff and flood waters in Santa Clara County. The Couiv 
ty Planning Commission has been one of the agencies actively engaged in 
seeking a solution to this problem. Up to and including the early 1940’s 
storm runoff drainage and flood control were considered local problems with 
the benefits accruing to agriculture greater than any damages caused by 
flood waters. 

Early reports by the U. S. Corps of Army Engineers were either dropped 
because of lack of local interest or, when published, were turned down by 
the local agricultural community because the benefits to be received were 
considered too costly. 2 

In the early 1940’s both the City of Palo Alto and the County Planning 
Commission took action to find measures which would prevent recurrent 
floods. These floods were causing damage to crop and urban developments. 
The following chronological list has been taken from the minutes of the 
County of Santa Clara Planning Commission. 


Early 

Recognition 
of the Problem 


Lack of 
Local Interest 


Beginning of 

Urban 

Leadership 


2. See Army Engineer’s 1944 Report “The Pajaro River,” pp. 4, S, 43, 44. 






ACTION TAKEN 


Palo Alto 


Coyote and 
Guadalupe 
Rivers 


Funds Made 
Available 
for a 

Reconnaissance 


Reconnaissance 

Completed 


Army Engineers 
Pajaro River 
Report 


Army 
Engineers 
1944 Hearings 


1941 


1941 


1943 


1944 

1944 


1944 


The City of Palo Alto held hearings in cooperation with 
Santa Clara County and the Army Engineers concern' 
ing the flood conditions existing on the Matadero and 
San Francisquito Creeks. (The Army Engineers report 
has been left unpublished.) Palo Alto did construct a 
tidal basin to impound storm runoff until it could flow 
into the bay at low tide. 

Congressman Jack Anderson and the San Jose Chamber 
of Commerce requested authority from Congress to 
have the Army Engineers conduct a survey of the flood 
conditions on the Coyote and Guadalupe Rivers. 

The County of Santa Clara Planning Commission re' 
quested from and was granted by the County Board of 
Supervisors funds to conduct a County wide reconnais- 
sance survey for the purpose of laying the ground work 
for a County wide storm water drainage system. 

The County Planning Commission received the recon' 
naissance report from J. Winter Smith on the drainage 
problem and means for its solution. 

In March of 1944 the Army Engineers submitted their 
survey of the Pajaro River and South Santa Clara Vah 
ley. The report stated: “The district engineer finds that 
neither the construction of works to provide complete 
flood protection in the Pajaro River Basin nor resen 
voirs to provide partial flood control with or without 
water conservation or drainage features is economically 
justified by the prospective benefits at this time. . . He 
also finds that reconstruction and extension of the exist¬ 
ing levee near Gilroy (on the Carnadero) could be ac' 
complished. . . ” The report also stated that with a 
greater urban pattern, flood control would be a more 
critical problem. 

The County Planning Commission in cooperation with 
the County Engineer submitted evidence of flood con' 
ditions on the Coyote and Guadalupe Rivers at the 
Army Engineers hearing. (The survey and report have 
been left unfinished by the Army Engineers due, they 
say, to the lack of local interest.) 


/ 
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ACTION TAKEN 


The County Planning Commission submitted a report 1944 

urging the County Board of Supervisors to do some¬ 
thing about the critical flood conditions. The report 
stated in part: 

That a critical storm drainage problem existed, 

That no comprehensive storm water disposal plan 
existed, 

That such a plan was urgently needed, 

That the public health, safety, comfort, convenience 
and general welfare of the County required that the 
Board of Supervisors designate an agency to be re¬ 
sponsible for the preparation and the carrying out of 
such a plan, and 

That the Board of Supervisors make an emergency 
appropriation in order to employ such competent 
engineering personnel as were needed to prepare such 
a comprehensive plan, and that these funds be used: 

By the County Engineer to employ a 
consultant. 

By the County Engineer to add to his 
staff for the purpose of preparing en¬ 
gineering studies leading to a comprehen¬ 
sive storm water runoff disposal plan. 

The County Planning Commission included in its Post 1944 

War Capital Improvement Program, entitled “BLUE¬ 
PRINT FOR THE FUTURE” a sum of $50,000 a 
year for a five year program. This program was adopted 
by the County. The program included the following 
terms: 

Straightening, deepening, widening, leveeing and 
clearing the existing creeks and maintaining them 
consistently in a condition of optimum efficiency by 
regularly organised county maintenance and equip¬ 
ment. 


Planning 
Commission's 
Eight Point 
Program 


Official 

Postwar 

Improvement 

Program 
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ACTION TAKEN 


Reactivation 


1944 Creation of bypasses to relieve flood waters and to 

drain the low ground after subsidence of the waters. 

Construction of additional reservoirs in the hills in or' 
der to relieve flash flooding. 

Control of artesian wells and wells with leaky casings 
to prevent excessive saturation of upper strata. 

Construction of a channel to carry Silver Creek across 
the inundated area near Hillview. 

Cleaning out the Pajaro River from its confluence with 
the San Benito River northeasterly to Bloomfield Road 
in order to increase its capacity and enable it to carry 
the drainage water developed in the area lying general' 
ly south of Morgan Hill. 

Opening of the old drainage ditches from a point south 
of Morgan Hill to the system’s junction with Llagas 
Creek east of Gilroy. 

Strengthening the levee on the Carnadero Creek west 
of Gilroy and cleaning it from the state highway to its 
junction with the Pajaro River. 

Construction of a drainage ditch across the low area 
southwest of old Gilroy to the Pajaro River. 3 

1949 The County Planning Commission took the following 

action after the near normal rainfall of the winter of 
1948'49: 

July 1949. Held a conference with all the Engineers 
in the County to discuss the drainage problems. 
Twenty'eight persons attended this meeting at which 
reports previously prepared by Mark Thomas and 
others were presented. 4 


3. The last four items were recommendations made in The Army Engineers report on 
The Pajaro River. 

4. See Supplement No. 2, Section 7. 










ACTION TAKEN 


Accepted the offer of the San Jose Engineers Club to 1949 

prepare an advisory report concerning drainage prob¬ 
lems. The report made the following recommenda¬ 
tions: 

that a critical storm water drainage 
problem existed, 

that steps be taken to alleviate this prob¬ 
lem, 

that one County agency be made re¬ 
sponsible for the provision of storm 
water drainage facilities, and 

that the same agency be authorised to 
prepare a Master Plan for storm water 
disposal in the critical unincorporated 
areas. 

In November 1949 the Planning Commission trans¬ 
mitted to the Board of Supervisors a report incor¬ 
porating all the work done at this date. 

The County Planning Commission sent a follow-up 1950 

letter in the fall of 1950 when a contract for cloud seed¬ 
ing was under consideration. In this letter the Com¬ 
mission stated the urgency of an adequate storm water 
and flood control program. The flood of 1951-52 point¬ 
ed up the urgency and need with actual conditions. 5 

At the regular session of the state legislature a county 1952 

flood control district was established. With the excep¬ 
tion of existing water conservation districts, which were 
not included, this district covered the whole county. 

This legislation permits the creation of flood control 
2 |ones for purposes of assessment and taxation in order 
to more evenly spread the cost and benefits of drainage 
programs. 


5. See Supplement No. 2, Sections 5 and 6. 
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ACTION TAKEN 


1952 At a special session of the state legislature the flood 

control act for Santa Clara County passed in 1950 was 
amended in order to establish a County-wide drainage 
district. This legislation now gives the County full 
legal right to prepare a comprehensive drainage plan for 
both incorporated and unincorporated County areas, 
and power to condemn land in these areas for the con¬ 
struction of flood control works. The water conserva¬ 
tion district has given the power or right to approve 
the plans for flood control within their districts. This 
approval was given the conservation districts with their 
inclusion in the flood control district. 6 

The State Water Resources Board submitted a pre¬ 
liminary report on flood control in north Santa Clara 
Valley. 7 ' 


6. See Supplement No. 3 for “Santa Clara County Flood Control Act.” 

7. See Supplement No. 2, Section 1, 
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Progress Mcide 

An evaluation of the work done since 1944 reveals that there has been an 
uncoordinated approach toward the solution of separate and individual 
drainage problems .This condition has resulted from several agencies solving 
different and unrelated aspects of the critical drainage problem. These agem 
cies are: 


Santa Clara Valley Water Conservation Districts. 

Soil Conservation Service, U. S. Dept, of Agriculture. 

Production arid Marketing Administration, U. S. Dept, of 
Agriculture. 

County of Santa Clara Engineering, Agricultural and Planning 
Departments. 

Cities of Santa Clara County, and Individuals. 

No valley wide drainage study has been made, prior to 1952, for North 
Santa Clara Valley. 8 The 1944 program of flood control recommended by 
the Army Engineers for South Santa Clara Valley was considered too costly 
for the benefits to be gained. 


8. Report of Water Resources Board. Supplement No. 2, Section No. 1. 


An 

Uncoordinated 

Approach 
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Conservation 
vs. Flood 
Control 


Conservation 
of Storm 
Waters Needed 


Feasibility 
of Multi¬ 
purpose Dams 


Conservationists are primarily concerned with the impounding of surface 
runoff waters for future percolation to the underground water reservoir. 
For this reason the conservationist wants dams to be always as full as prac¬ 
tically possible. (Note: Even though Santa Clara Valley’s conservation 
dams are emptied as fast as possible for percolation, they are not emptied 
after each rain storm as a flood control dam would be.) A flood control dam 
needs to be always as nearly empty as is practically possible in order to col¬ 
lect recurring storm runoff waters and to forestall floods on the valley floor. 

Any plan for flood control and storm water drainage in Santa Clara Val¬ 
ley should also give consideration to water conservation. However, it has 
been pointed out by two separate and competent agencies that conservation 
dams always may not act as flood control dams, and that muddy storm run¬ 
off waters could do irreparable harm to percolation ponding areas. In 1949 
the Corps of Army Engineers reported on the possibility of combining con¬ 
servation and flood control features in the Lexington Dam, by stating that 
“an enlargement of the dam to provide additional storage for flood control 
would not be economically feasible”, and that “an examination of other dam 
sites would no doubt result in the same conclusion.” 9 

In 1952, in a report to the County, 10 ' the State Water Resources Board 
stated that “although (the conservation dam) may reduce the frequency of 
flood occurrence, it also creates a false sense of security conducive to en¬ 
croachment on flood plains with resultant greater damage during the less 
frequent occasions of flooding by reservoir spill.” Also that “the reservation 
of primary flood control storage in existing and proposed reservoirs of the 
Santa Clara Valley Water Conservation District would not be practicable 
or economical in this area where the conservation of the water supply con¬ 
stitutes the most critical problem.” 

Only a certain amount of water can be percolated into the ground in any 
one season due to the limited areas suitable for percolation ponding. As a 
result of this, it may not be economically feasible nor possible from a practi¬ 
cal aspect to store all storm runoff from the mountains for conservation pur¬ 
poses. In addition every effort will have to be made to develop and utilise 
land suitable for percolation ponding in order to be able to increase the 
storage capacity for water conservation. Therefore, in the Santa Clara Val¬ 
ley Water Conservation District there may always be the potential danger 
of storm water runoff and flooding from reservoir overspill. 


9. Mark Thomas in a letter to the Planning Commission, June 6, 1949. See Supple- 
ment No. 2, Section 7. 

10, Supplement No. 2, Section 1. 
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Overflow from Guadalupe (Croelc ! into Sweefbriar Orchard. Sand, gravel, drift¬ 
wood caused thousands of dollars damage in this orchard, uprooted 50 trees. 



The Problem 

Before the settling of the valley, rivers and creeks were free to cut natural 
channels and make alluvial deposits of rich upland soils over the valley basin 
clays. At the lower end of the valley near the Pajaro River, on lands adja¬ 
cent to the San Francisco Bay and in enclosed areas elsewhere, there were 
large acreages of swamps and wet meadow lands. Much of this land was 
valuable for gracing but unfit for cultivation of living areas. During the 
winter runoff these swamp and wet meadow lands became holding reser¬ 
voirs for flood waters until they could find their way to. the Bay or the 
Pajaro River, performing the same function as presently constructed re¬ 
tention basins. 


Historical 

Background 


Swamps as 
Part of 
Drainage 
Control 


IS 





Drainage 

Problem 

Man-created 


Drainage 

Problem 

Forgotten 


The early settlers who proceeded to develop and exploit the Valley upset 
nature’s balance without regard for the inevitable consequences of the-flood 
control and erosion aspects. Careless cultivation caused excessive erosion 
which in turn filled the swamps so that they became valuable agricultural 
lands. Even in those early' days, some drainage ditches were dug and the 
natural drainage channels kept open. Irrigation was extended throughout 
the Valley by pumping from the underground water table. The drainage 
problem was automatically suspended but not solved when the pumping 
draft exceeded the natural ground-water replenishment, causing the water 
table to recede. 

During this dry period drains fell into disuse and natural channels were 
filled up, cultivated, or planted to orchards. The change-over in land use 
from agriculture to urban together with the development of former flood 
plains for orchard and urban use has caused an aggravation of the drainage 
problem with the return of years of normal rainfall. Much expensive deve¬ 
lopment and land subdivision was based upon a false sense of security re¬ 
garding the storm water drainage situation. During all dry periods a general 
and false impression prevails that our drainage problems have been solved. 


Two Factors 


Drainage 

Area 


Hydrographies! Factors 

In order to provide an adequate solution to the drainage problem two factors 
must be considered. The first, hydrographical, deals with the source of run¬ 
off water. The second, physical, deals with the systems provided by nature 
and man for the disposal of the runoff waters. This section will be devoted 
to hydrographical factors of the drainage problem. 

The first hydrographical factor to be considered is the determination of the 
quantity of storm runoff. The drainage area or watershed must be measured 
and the amount of runoff waters determined. As mentioned previously in 
this report the drainage area can be broken down into two sections. One is 
the hill area wherein it is possible to collect storm runoff waters and per¬ 
colate them to the underground water table. And the other is the valley 
plain where because of soil and topographic conditions it is very difficult, if 
not; impossible, to collect and percolate storm runoff waters. The Army 
Engineers have determined the drainage area for the following rivers and 
creeks. See table 1, page 17. 
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drainage area 

main creeks sq. miles tributary creeks 

Coyote 394 |jj Canade de Los Osos 

i9] Los Animas 

[';■] Penitencia 

9 j San Felipe 

L*: i Silver 




Guadalupe 

219 

I 

Alimitos 

Los Gatos 






Saratoga 

i 


Matadero 

16 

H 


I 

north valley* 

Francisquito 

39 




south valley: pajaro river 

Llagas 

100 





Carnadero 

89 

1 

Uvas, Little Uvas 
Little Arthur, Bodfish 



Tequisquita Slough 

278 

f 

Pacheco 

Santa Ana# 


pajaro (near Sargent) Llagas 490 

Carnadero 

Pacheco 

Table 1 Drainage Basins 

Santa Clara Valley 

Source: Unpublished data, Army Engineers. 

*data for Adobe, Permanente, and Stevens 
Creek had not been determined at the time 
this survey was dropped by the Army 
Engineers. 

#124 miles of the Santa Ana and its tribu¬ 
taries lie within San Benito County. 
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Table 


Matadero Creek I 
Coyote Creek and Guadalupe River 2 
Pajaro River 3 
Uvas, Llagas, and Carnadero Creeks 4 


2 3 


1852 


■ 1862 


Flood Frequency 

Santa Clara Valley 

Source: Unpublished data on Santa Clara 
Valley and published data on the Pajaro 
River by the Army Engineers, 1944. Wet 
cycles (known and possible floods) are 
shown in black. 


1890 

1894 

1895 

1897 


1900 



1907 

1908- 09 

1909- 10 

1910- 11 



B 


1913- 14 

1914- 15 

1915- 16 

1916- 17 

1917- 18 

1918- 19 


1921-22 



1929- 30 

1930- 31 



1936- 37 

1937- 38 

1939- 40 

1940- 41 




1943 

1945 

1951 

1951-52 
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A second hydrographical factor concerns the frequency and amount of Inundation 

storm runoff waters. The following tabulation gives the information con- Frequency 

cerning flooding frequency. Tables 2 and 3, pages 18 and 21, represent a 
compilation of unpublished data which has been collected by the Army 
Engineers. In order to determine the frequency and volume of storm runoff 
in its relation to flooding, tables 2and 3 should be expanded to include all 
drainage areas. A separate calculation should be made for drainage water 
sheds in the valley floor. This latter calculation will be needed where con¬ 
servation works are to be installed in the headwaters of drainage channels. 

It will be necessary to obtain separate data for each drainage area on the 
valley floor in order to compute the runoff originating in the urban and agri¬ 
cultural areas. This will require a topographical survey of the county. In 
spite of land subsidence in North Santa Clara Valley, a topographical sur¬ 
vey can be kept up-to-date by using the grid developed by the U. S. Coast 
and Geodetic Survey Land Subsidence. After each re-check by the Geodetic 
Survey subsidence contours can be drawn. The. change in elevation can be 
determined from these contours. 

Each year recorded in Table 2 as a possible flood year has been checked 
against the monthly rainfall pattern as well as the runoff per second figures 
of Table 3. The highest cubic foot per second runoff figures occurred during 
winters when the soil had been completely saturated. Generally there was a 
pattern of from two to four months of steady rainfall before the flood pro¬ 
ducing storm occurred. In a few occasions an exceedingly high peak runoff 
produced flood conditions without any rain in the preceding months. How¬ 
ever, with each conservation dam completed the danger from early season 
flash flood is reduced. 

In the future the greatest danger from flooding will be from one or a com¬ 
bination of the following hydrographical conditions. 

Overspill of conservation reservoirs in exceedingly wet winters. 

Saturation of the soil by continuous rainfall followed by a flood 
producing storm. 

Flash floods in highly urbanised areas which overload the storm 
drainage systems. 

In the tidal areas high runoff of surface waters combined with 
high Bay tides. 


19 








Flood 

Frequency 


Storm Flow 


Design of 
Drainage 
Structures 


An examination of Table 2 reveals that since 1921 the county has gone 
through cycles of dry and wet years. Experiences of flood conditions in the 
wet cycle are generally forgotten during the next period of dry winters. 
Therefore this recurring wet season, in something like a twenty year cyde, 
is most important to remember. It is because past experience with flood con¬ 
ditions had been forgotten that 1940-1952 urban and industrial develop¬ 
ments in some instances were located on poorly drained areas. The flood 
damage to urban areas during the winter of 1951-52 revealed this lack of 
foresight or hindsight. 

The design of drainage structures is another hydrographical factor which 
enters into the storm drainage problem. Such structures are generally treated 
as clear-water, uniform flow, fixed-stage flow structures. None of these con¬ 
ceptions is true. Storm flows are never clear-water flows; they carry wash 
silts, suspended silts, bed-load and floating trash. Natural streams, culverts, 
channel changes and storm drains are seldom, if ever, uniform flow; they are 
non-uniform flow with velocities changing with each increment of length. 
Storm water runoff is never a fixed, design stage of flow. Its flow is a vari¬ 
able stage flow beginning at 2,ero rate and increasing to peak rate and trail¬ 
ing back to 2 ,ero rate again for each and every storm large enough to pro¬ 
duce a runoff. 

This means that the design of drainage structures is still in the formative 
stages. Until the variables in the mechanics and mathematics of silt, trash, 
and bed-load transportation are more perfectly appraised, the clear water 
analysis must be used for design purposes. This approach will increase the 
potential of flooding when culverts and drainage channels are used to carry 
storm waters through urban areas.” 


Physical Factors 

* Two major conditions in relation to the physical factors of storm drainage 
which cause land inundation in Santa Clara County are: 

Tidal flooding, and 

Flooding from storm and surface runoff waters. 

The fundamental cause of unfavorable drainage conditions is related to the 
geological structure of the valley. The geological history, underground water 
table, land subsidence, soil structure, interior drainage and surface drainage 
of the soil are all inter-related.' 2 


11. Based on a report to the Los Angelas County Planning Commission by Charles H. 
Parker, C. E., Granada Hills, California. 

12. See Part 2 of this report for coverage of these aspects. 
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Pajaro River* 



Uvas Creek** 


10,000 


Matadero Creek 



Table 3 Years ©f Peak Runoff 

Santa Clara Valley 

Source: Unpublished data, Army Engineers. 

*Data collected at the guaging station near 
Chittenden, 1907-41. 

**Data collected at the quaqina station near 















Agnews State Hospital grounds, January 12, 1952. Approximately $200,000.00 in direct and 
incidental damage was caused to Agnew's properties during the flood. Total loss of valuable 
winter crop ($35,000.00); levees, drainage ditches, new roads and interior damage to buildings 
bore heaviest toll. Straightening of Guadalupe River channel, and widening of drainage ditches 
in eastern portion of grounds is now under way. 



















During the past thirty years the valley floor has settled from approximately 
three feet at Alviso to something over six and one-half feet in San Jose. The 
settling at Alviso and other points along the San Francisco Bay has allowed 
a greater influx of salt water into valuable agriculture lands than ever be¬ 
fore. In addition, actual and potential danger from tidal flooding was in¬ 
creased during the last thirty years. Alviso and many other points would be 
flooded many times a year by the high tides of the bay if it were not for ex¬ 
isting tidal gates and dams. 

The Leslie Salt Company has diked the major portion of the lands adjacent 
to the bay for their salt pond operations. The cities of Palo Alto and Alviso 
have also constructed tidal dikes which are an extension of those of the 
Leslie Salt Company. This leaves only six restricted points of access to the 
bay for storm and surface drainage channels. Several of these points of ac¬ 
cess are controlled by tidal gates. 

Agriculturalists in the Alviso district have built dikes around crop and orch¬ 
ard operations in order to prevent periodic tidal flooding. Because the land 
subsidence allows greater salt infiltration into rich agriculture soils,- agricul¬ 
tural operations of a crop and orchard nature could not be conducted in 
much of this area without the protection offered by the tidal dikes and gate. 

While all these dikes give protection from tidal flooding, in a reverse man¬ 
ner these Same dikes cause greater ponding of surface runoff waters on the 
flat valley plain adjacent to the San Francisco Bay. Thus, diking which pre¬ 
vents tidal flooding makes inundation of valuable land a critical problem. 
This ponding also makes it harder to dispose of storm runoff waters once 
they reach the flat plain adjacent to the bay. (Note: The county should be 
concerned only with the expenditure of monies to control the storm runoff 
problem. Protection from tidal flooding is a local problem for the agricultura¬ 
list and industrialist. It is very questionable if living areas should be in the 
tidal plairi, especially when this seems to be required for storm runoff hold¬ 
ing ponds.) 

Storm waters which reach the main part of the valley floor must be disposed 
of in the San Francisco Bay or the Pajaro River. Practically no storm runoff 
waters penetrate directly to the undergound water reservoir after they en¬ 
ter the main valley floor. The geological reason for this is that the main val¬ 
ley floor is composed of very deep deposits of alternating clay and gravel, 
laid down partially under water and partially through alluvial deposits of 
silt laden streams. Clay predominates in the lower part of the valley. Near 
the rim of the valley floor the water is free to penetrate into the gravel for¬ 
mations which dip under the impervious blue clay formations. These blue 
clays are approximately 300 feet below the surface and produce the pressure 
areas shown in the “Pressure Areas” plate facing page 24. Replenishment 
of the underground water table comes from surface or stream bed percola¬ 
tion of runoff from the hills surrounding the valley. The storm waters origi¬ 
nating on the valley floor cannot percolate to the underground water table. 
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inundation 


Land inundation by surface runoff is caused by the following general con' 
ditions: 

Stream channels and river beds are higher than the surrounding land. Thus, 
it is almost impossible to take care of local drainage problems between major 
drainage channels. Long channels must be constructed because the eleva' 
tion of the river beds prevents drainage by the shortest route. Natural drain' 
age channels are higher than the surrounding land because, over a period of 
years, deposits of sediment and alluvial silt have built the stream beds and 
their adjacent banks to present levels while the land lying between drainage 
channels has remained at its original elevation. Before the valley was settled 
and the streams and natural drainage channels fixed in their present courses, 
streams cut new channels in the low swales. It is this process of shifting 
drainage channels from high to low spots and the deposit of alluvial 
materials which has built up the valley floor with deep alluvial soils to its 
present level. 14 

It must be remembered that before man interfered with natural drainage 
processes in the valley, all these creeks occasionally abandoned their old 
channels and sought new outlets in the lowdands between the delta forma' 
tions. Urbanisation prevents this natural process. A wise policy would be to 
study ways and means by which ultimate changing of channels already built 
up above the general valley level could be adjusted to the needs of present 
agricultural development. However, in urban areas, drainage channels cam 
not be shifted about at will. 

Drainage channels have been altered. In some instances agriculturalists have 
obliterated all traces of the drainage channels. In other instances, natural 
drainage channels have been altered by rerouting them around agricultural 
areas and subdivisions so that there is either not enough difference in eleva' 
tion to keep the channels free from silt or enough flow to remove the re' 
quired amount of water. The flooded conditions during the winter of 195 L 
1952 in the Foxworthy Avenue and South Willow Glen area resulted from 
a natural drainage channel being shifted out of Willow Glen and made to 
run along the higher ground parallel to Foxworthy Avenue. 
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14. This process has been explained in greater detail in Part 2 in the sections entitled 
Geological Background and Interior Drainage, pages 56, 70. The alluvial deposits 
in the central portion of the valley floor vary from 1,000 to 4,000 feet. 
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Dams at the tidal flats have obstructed major drainage channels so that to¬ 
day many such channels have no direct access to the bay. The Permanente, 
Adobe, Dry and Stevens Creeks are without direct access to the Bay. Every 
winter a certain amount of ponding results from these man made obstruc¬ 
tions. Flooding reached critical proportions during the winter of 1951-1952 
near the San Francisco Bay because of this condition. 

The silting up of drainage channels near the San Francisco Bay is a problem 
which must be solved if proper disposal of surface runoff waters is to be 
achieved. 

Inverted dams are formed by roads due to the compacting of the soil. These 
inverted dams then act to restrict subsurface drainage and in some instances 
cause the land to become waterlogged. This in turn causes greater runoff of 
surface waters because the soil has lost its normal absorption characteristics. 
Such roads as Stevens Creek, El Camino Real, the Bayshore, Monterey, and 
Coffin are good examples of such inverted dams. The railroads also form the 
same kind of an obstruction to surface and subsurface flow of water. 

Saturation of the subsoil, generally confined to the tight nonpermeable clays 
or silty clays, is caused by seepage from higher to lower elevations, former 
swamp areas and the inverted dams created by roads.' 5 

An alluvial dam, for both surface and subsurface water flow, stops seepage 
along an impervious pan. The stoppage of this subsurface seepage causing 
saturation of the subsoil and the alteration of drainage channels are the fact¬ 
ors which have contributed to the critical drainage conditions in the Alum 
Rock-Evergreen area. 

Because it removes more than half the area available for percolation of the 
rain water and because it has more paved surface than farm land, subdivided 
land contributes to surface runoff. Storm water flows faster, and the increase 
in volume and velocity of storm runoff in turn is creating potential flood 
conditions over large areas because of lack of adequate drainage channels. 
Generallythe same land could be properly drained without additional pro¬ 
vision for surface drainage if it remained in an agricultural use or all sub¬ 
divisions were provided with adequate storm sewers. However, the provi¬ 
sion of storm sewers in subdivisions would overtax present drainage chan¬ 
nels. This condition was one of the principal physical factors which caused 
flooding in the Mountain View, Palo Alto, Campbell and San Tomas dis¬ 
tricts during the winter of 1951-1952. 


.5. Data furnished by County Surveyor, U. S. Dept, of Agriculture, Bureau of Pro' 
duction and Marketing Administration, and U. S. Soil Conservation Service, The 
Agriculture Extension Service. 













Middlefield Road and Colorado Avenue, Palo Alto, January 1952. 


Surface runoff, tidal flooding, high ground water tables, the clay soil, sink' Conclusion 

ing of the valley floor and blocking of natural drainage channels by the salt 

company operations are all contributing physical factors to the present 

dangerous flood conditions. Many more potential flood areas are being creat' 

ed. To properly service agricultural areas now being developed as residential 

subdivisions, an adequate program of local and major county storm sewers 

would have to be established. 
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Flood Areas ^ North Valley 

Adverse conditions in this area include waterlogging of agricultural, lands 
from high ground water and flooding of these and other lands by overflow 
of the streams during heavy winter storms. This district covers about 27,000 
acres lying north of San Jose and roughly includes the area between the 
Southern Pacific Railroad Line to Niles and Palo Alto and extends from the 
Bayshore Highway to tidewater. This area, practically coincident with the 
waterlogged lands and the artesian belt, has sunk from three to five feet from 
the elevations recorded in 1912. High tide now comes: 16 

1. On the Guadalupe River to Montague Road near the com¬ 
munity of Agnew. 17 

2. On the Coyote River to within one-quarter of a mile south 
of the Alviso-Milpitas Road. 

3. On Permanente Creek to within one-quarter mile of Charles¬ 
ton Road. 

4. The elevation of mean high tide is 6.5. Such a tide would 
overflow the present Bayshore Highway between Palo Alto 
and Mountain View. 

Tidal dams, flood control surge ponds and dams, and the salt company dams 
and evaporation ponds block the folloing major creeks: Adobe, Dry, Mata- 
dero and San Francisquito creeks near Palo Alto; Permanente and Stevens 
Creeks near Mountain View; and the lower Calabassas and Saratoga creeks 
near Alviso. None of these creeks have direct access to the Bay. This lack 
of an outlet to the Bay causes flooding of lands between the Bayshore High¬ 
way and the Bay. However, if the tidal dikes and salt company dikes were 
removed, this same land area would be flooded several times a year with each 
high tide. In fact, around Palo Alto and Mountain View the Bayshore 
Highway would be acting as a tidal dam to keep the Bay waters from flood¬ 
ing farther inland. The Bay waters would reach a point near Agnew with¬ 
out these existing tidal dikes and dams. 
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16. U. S. Dept, of Agriculture, Production and Marketing Administration. 

17. Photographs by Par Photo Service, San Jose and aerials by the U. S. Navy, 
Moffet Field, 1952, are a graphic record of flooding in this area. 
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area 


$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 


Alviso, Agnew 

$264,568.00 

$ 

. 

creek overflow damage 

San Jose, Berryessa 

$3,000.00 

$ 


Alum Rock, Evergreen 

$39,940.00 

$ 


Los Gatos, Campbell 

$14,070.00 

$ 


•Moffett Field 

$1,956.00 

$ 


Sunnyvale, Santa Clara 

$48,952.00 

$ 


Mountain View 

$20,850.00 

$ 


*Palo Alto 

$ 


Stanford 

$393,836.00 total 
$ 

$ 

$915.00 

$ 

general runoff damage 

Mountain View 

$200.00 

$ 

. 

Monte Vista 

$18,500.00 

$ 


Los Gatos 

$12,700.00 

$ 

$ 



$32,315.00 

$ 

$ 

total 


$426,151.00 

total flood damage** 


$ 

$ 


$ 

$ 


Table 4 Flood Damage 1951=52 $ 

Santa Clara County ^ 

*one life lost. | 

**an additional $89,004.84 has been filed $ 

against the County of Santa Clara in $ 

flood damage claims, I/I0th of which was $ 

damage allegedly caused by cloud seed- $ 

ing activities. $ 

$ 

30 $ 


$ 

$ 







In this area these dams restrict the flow of all minor and major natural drain" 
age channels at their termination into the bay. Alviso’s tidal dikes restrict 
to some extent the flow of the Guadalupe River. These are the very points 
where the flow of surface water either should be unrestricted in order to 
avoid the backing up of flood waters or the flow should be retained in surge 
ponds until it can be discharged into the Bay. The land in this area is heavy 
clay and flat without any appreciable fall into the bay so that the maximum 
flooding is caused as the result of the backing up of storm water. 

During moderate floods the Guadalupe overflows near Brokaw Road and 
again near Montague Road, running great quantities of water down across 
the orchards along the San Jose-Alviso Road, and between the road and the 
creek. 18 In heavy floods this creek is almost lost in the mass of flood water 
that prevails in the lower section. The overflow of Coyote Creek recently 
has inundated high value farming lands extending from Wayne Station to 
the Bay. The Guadalupe River during the winter of 1951-1952 kept lands 
from Montague Road to the Bay under water for over a month. Near Mil¬ 
pitas, large areas of farm land are inundated practically every winter. Much 
of this flood water from both creeks stands on the land long enough to do 
permanent damage. It also augments the ground water and thus aggravates 
the drainage problem for the next year. 

Within the past sixteen years (1936-1952) a number of rather destructive 
floods have occurred in which all the main streams have overflowed their 
banks. In 1952 considerable damage was done to farm lands and other pro¬ 
perty (See table 4, page 30). This condition occurred in spite of the fact that 
conservation reservoirs, which are effective in materially reducing the flood 
hazard, have been built at the headwaters of most of these streams. How¬ 
ever, the very existence of these conservation dams has led to the false as¬ 
sumption that floods were over. Upon examination it is found that the chan¬ 
nels of all the creeks in this area have been badly silted up in recent years so 
that their carrying capacity is greatly reduced toward the lower end of the 
valley plain. 

The major creeks which are effected are the Guadalupe, Coyote and Sara¬ 
toga Creek. Other adverse conditions in this area include waterlogging of 
agricultural lands from high ground water and flooding, seepage of irriga¬ 
tion and ground waters from higher elevations into this waterlogged area, 
and land subsidence. 
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18. See reports by J. Winter Smith; the County Suryeyor; and the U. S. Army En¬ 
gineers, on the Guadalupe Creek Flood Problems. This material may be found in 
the files of the County of Santa Clara Planning Commission. 









This intersection at Prune and Saratoga Avenues in Santa Clara was 
one foot under water at the peak of the January 1952 flood. 














Monday, January 14, 1952. Photo taken on San Jose Aveune in Los Gatos showing 
big cavity caused by storms in approach to Los Gatos Bridge over Los Gatos Creek. 
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The Palo Alto, Meyntein View, Sunnyvale and Cupertino= 
Saratoga Areas? 

If not now subject to flooding, land lying between natural drainage channels 
will be exposed to the potential danger of becoming inundated upon being 
subdivided. Many orchards which now take care of surface runoff are not 
suitable for subdivision under present conditions unless adequate drainage 
channels are provided. The Matadero Creek between the Bay and El Camino 
Real has in the past overflown its banks. 

Land adjacent to the Matadero Creek has been recorded by the Army Em 
gineers as one of the historical flood areas in Santa Clara County, together 
with the tidal basin and the Campbell, Coyote and Guadalupe Creeks. This 
is because the Matadero Creek never had a channel below the Southern 
Pacific Tracks. Water from the creek wandered through a swale. When this 
area was subdivided a drainage ditch was constructed on high ground to the 
east of this swale. During the winter of 19HT952 water was seen being 
pumped from several houses after the January flood. 

A record from 1894 to 194L has been prepared for an unpublished report 
on the Matadero Creek by the Army Enginees in 1941. The report stated 
that any storm causing a peak discharge of over 600 cubic feet per second 
would produce a flood below Alma Street in Palo Alto. This is because a 
natural channel for Matadero Creek does not exist between Alma Street 
and the Bay. Originally, storm runoff waters found their way to the Bay 
through a natural swale. A drainage channel was dug on higher ground to 
the east. This channel has a peak capacity of approximately 600 cubic feet 
per second. (See table 3, page 21.) 

Blocking of Stevens and Permanente Creeks by culverts under the El 
Camino, Alma Street and the Southern Pacific have caused recent floods. 
Blocking of Saratoga and San Tomas Aquino Creek by inadequate culverts 
under the Bayshore Highway has blocked the natural drainage so that the 
water may stand four feet or more deep on the southside and be dry on the 
northside. 


The Los ©etfos Area 

There are adverse drainage conditions which cause flooding in the area be' 
tween Los Gatos'Almaden Road and Kennedy Road. This was a former 
swamp formed by an alluvial dam on clays and silty clay loams. In wet win' 
ters quick runoff from the steep hills causes damage to roads and property. 
During the winter of 1951T952 Los Gatos twice suffered from flash runoff 
of storm waters. 
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Woodhaven subdivision, East San Jose, Alum Rock district, January 15, 1952. 
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The Downer Avenue Area: 


In the Downer Avenue area there is a former swamp which has been also 
formed by an alluvial fan deposit. Although there now is a drainage chan' 
nel to the Coyote River, this district is still subject to flooding because of 
topography and soil conditions. In this area a partial solution to the problem 
of flooding and a high water table has been found by the introduction of 
shallow rooted crops. Although relief through local drainage has been fur¬ 
nished to some extent for the district, it still has flood potentials which 
would make subdivisions very difficult, if not impossible. /\ f. 3Q s » 7 • 

/ ’ 1 ^ 'A tj \A <'■ ( j } I O —~ * 1 * h 

TIi© Evergreen District 

East of San Jose along the Silver Creek is another district which was a 
former swamp. North of Alum Rock Boulevard the junction of the Silver 
and Penitencia Creeks formed an alluvial dam which created this swamp 
condition. Many people could be found in 1952 who remembered hunting 
ducks here. In wet years this area is still subject to inundation. Located here 
are the Vollmer and Bennett subdivisions which were flooded in January 
1952 as well as during the winters of 1948 and 1951. Seepage from the hills 
and lack of adequate drainage channels are contributing factors to flood con¬ 
ditions. Drainage conditions in the Evergreen area have been materially im¬ 
proved by the construction of a storm water drain ditch carrying surplus 
water into the Coyote Creek. While on the other hand the relocation of Sil¬ 
ver Creek inland from its former channel near Bayshore Highway has creat¬ 
ed a large winter seepage area near Tully and White Roads. The crops 
were destroyed by a lake in this location during the winter of 1951-1952. 
This district still needs further attention, especially in the newly subdivided 
areas. 


Flood Areas: South Valley 

The South Valley Area covers about 7,000 acres extending south and east 
from Gilroy to the Pajaro River. Five times between 1937 and 1944 and 
again in 1952 destructive floods visited this district. In one flood alone 
(December, 1937) over 5,000 acres of crop land were flooded, with a total 
damage exceeding $200,000.00.' 9 In each flood, thousands of acres have 
been inundated for a considerable length of time. This greatly restricts the 
adaptability of these good soils to farming uses for which they would other¬ 
wise be most suitable. The flood hazard still continues, and the average 
annual damage from this source exceeds $20,000.00. 


19. The flood of the winter of 1951-1952 was just as great as that of 1937. 
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January I, 1952. Monterey Street, Gilroy, 
during heavy weekend downpour. No damage 
was reported in area, although the Carna- 
dero and Pajaro Rivers experienced sharpest 
rises of season. Flooding of Llagas Creek 
placed portion of Bloomfield Avenue under 
water. 


Over a considerable portion of this area a high ground water table is indi¬ 
cated by a growth of tules and willows. Impervious subsoil conditions and 
surface soils with low percolation characteristics cause waterlogging of the 
lands. This waterlogging tends to create potential flood areas. Much of 
South Santa Clara Valley was inundated in the winter of 1951-1952; see 
“1951-1952 Flood, South Valley” plate, page 40a, A number of large and 
expensive drain ditches have been constructed to relieve this situation, but 
the problem is still serious. 

Llagas Creek Along Llagas Creek, east of Glroy and San Martin, old drainage channels 

have been obstructed. Flood waters during 1951-1952 were not permitted 
easy outflow and caused considerable waterlogging of orchard lands. A simi¬ 
lar condition existed west of the El Camino Real highway where many acres 
of orchard lands have been harmed from this cause. 


Minor Areas 

Laguna Seca A former swamp condition at Laguna Seca has been partially relieved by an 

expensive drain ditch which in general works effectively to solve the drain¬ 
age problem. 
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Th© SoIufi©n° Analysis 

In the preceding sections the drainage problem has been outlined. An analy¬ 
sis of the action taken in the past reveals that it has been aimed at the local 
and individual problem. Thus, action taken to correct drainage conditions 
in one area has caused more complicated and critical drainage problems 
elsewhere. 

The drainage problem is of greater prominence and is more critical in nature 
today because of the urbanisation of large areas of the former orchard land. 
Some of this subdivided land was in the historical flood plain. Inuring the 
past ten years much ground work has been done in finding a solution to the 
problem. Also, ideas for solving the drainage problem in urban areas have 
been proved or disproved by the flood of the winter of 1951-1952. 

With respect to hydrographical factors, it has been proven that floods are 
of a recurring nature in the valley floor A great deal of the waters origi¬ 
nating in the hill areas can be stored and percolated into the underground 
water table, although all storm waters originating over most of the valley 
floor and that which cannot be stored in the hills must be disposed of in the 
San Francisco Bay or the Pajaro River. The disposal of the latter runoff 
must be by a system of drainage channels and structures. 

The correlation of drainage structures, storm water runoff and urban deve¬ 
lopment must be considered. For example, a dainage plan developed in Los 
Angeles County to take care of floods of a 25 and 50 year rainfall frequency 
was found in 1950 to be only capable of taking care of floods on a two year 
rainfall frequency. The winter of 1951-1952 really overtaxed this system. 
The Los Angeles County experience points out that their drainage system 
was underdesigned because of two misconceptions. 20 

1. “Advancement in the sciences of hydrology and hydraulics 
shows that engineering text book and handbook data are in¬ 
adequate and often erroneous when applied to drainage 
structures.” 

2. “The speed, magnitude, character, and pattern of property 
developments were incorrectly appraised, and the hydrologic 
and hydraulic effects of these changes in land use were un¬ 
foreseen.” 
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20. Unpublished 1950 report of Charles -H. Parker to the Los Angeles County Plan¬ 
ning Commission. 
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The experience of the Los Angeles City Storm Drainage Department is simi¬ 
lar to that of Los Angeles County. 

In the Los Angeles area it was also found that dual purpose dams were not 
effective as flood control dams. 21 

“The flood of March 2, 1938 was due to five days of rain end¬ 
ing with unusually high intensity on the last day. Nearly full or 
full conservation reservoirs were caught with little or no storage 
capacity available for flood protection. For a built up area like 
metropolitan Los Angeles the results can hardly be imagined 
if they have not been experienced.” 

During the winter of 1951-1952 in the Los Angeles area a similar condition 
existed. Over a period of several weeks the rainfall filled the conservation 
dams so that they afforded no storage space to the storms that followed. In 
Santa Clara County during the winter of 1951-1952 a critical flood poten¬ 
tial condition existed from the overspill of the existing conservation 
reservoirs. 

Santa Clara County is experiencing a growth pattern similar to Los Angeles 
County. The trends in growth between 1939 and 1950, and 1950 and 1952 
are shown in the “Urban Growth Trends” plate, facing this page. It should 
be noted that the urban growth of both residential and industrial areas be¬ 
tween 1950 and April of 1952 was greater than that experienced between 
the 1940 to 1950 decade. 

This tremendous growth in the county, since the last cycle of wet winters 
in 1937 and 1940, has been one of the contributing factors to the genera¬ 
tion of a greater storm water runoff in the valley floor during the winter 
rains of 1951-1952. Residential areas which discharged storm waters into 
streets and adjacent orchard lands caused downstream floods in such areas 
as Foxworthy Avenue, Campbell, Santa Clara and Mountain View. 

The most impervious agricultural soil is able to absorb more storm runoff 
waters than urban areas. Therefoe, it can be seen that the urban area, with 
its paved streets, impervious yards and roofs, added to the storm runoff. If 
urbanisation of the valley floor continues, a critical flood condition can be 
created in what are now agricultural districts. 


21. Ibid. 
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Hydrologically the effect of the January 1952 storm proved that: 

1. Drainage ditches should be kept open in order to prevent overflow 
and backing up of flood waters. 

2. The design of drainage structures has not yet been correlated to the 
large increase in subdivisions since 1950, as was shown by the over¬ 
taxing of existing drainage structures in the floods of 1951-1952. 

3. Storm waters should not be dumped into county roads, as such 
waters cause damage to the road system and abutting properties. 

4. Subdivisions should be provided with a storm sewer system. 

5. The county needs to develop an adequate system of storm drains in 
relation to population growth and the potential runoff of a drain¬ 
age basin. 

6. Such urban growth should be controlled and related to areas in 
which the county can provide and maintain an adequate storm 
drain system. 

7. Storm damage is costly to county residents as is shown by the totals 
in table 4, page 30. This tabulation is only partial as all damaged 
areas had not submitted estimates at time of publication of this 
report. 

8. A critical storm drainage problem exists in the county, especially in 
the residential developments. 

The inadequacy of upstream interception and downstream disposal capaci¬ 
ties of the Santa Clara County existing drainage system creates a critical 
problem which will be costly to solve. 
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North Valley Area Tidal Flat and Adjacent Area. 

The two problems which need correction must be handled separately; one, 
the surface flooding and the other, the removal of excess ground water and 
tidal flooding. Considerable work has been done to relieve flood damage by 
building up levees, clearing creek channels, cutting willow growth along 
banks, and other corrective measures. Much more of this kind of work is 
needed. 

Considering this problem on a long-time basis, it may not be possible to hold 
permanently all of the creeks within their present channels. It may be neces¬ 
sary, particularly on the Guadalupe Creek, to do some channel straightening 
or to provide a by-pass for water that cannot be confined to the natural chan¬ 
nel. A good opportunity is afforded for such a by-pass in the low ground 
paralleling this creek some distance to the east. 

The difficulty of maintaining these creeks in their original condition has in 
recent years been aggravated by the sinking of the valley floor during the 
excessive ground water recession. Some parts of the valley settled as much 
as 6.1 feet, (see table 7, page 67) and it naturally follows that this uneven 
settlement caused a change in the water gradient of the creeks running into 
the bay. A reduction of five or ten per cent in the water gradient would 
cause a reduction in the velocity of stream flow and a much heavier silting 
of the creek bed than formerly occurred under a steeper gradient. 22 On the 
other hand an increase in the gradient would increase the speed of stream 
flow, tend to cause channel cutting, and make the existing capacity of cul¬ 
verts- inadequate. Deepening, straightening and better maintenance of the 
channels is not the whole solution. Some provision must be made in planning 
such work for the ultimate volume of storm water which the cities are plac¬ 
ing in the natural stream channels. San Jose is just completing its system of 
storm sewers. These and other unserved areas in the County are going to 
throw an overload on the existing drainage channels. In fact, the runoff in 
the valley floor can conceivably reach the same proportions as the present 
combined runoff from the valley floor and the hill area. 


22. Between the city limits of San Jose'Santa Clara and the Bay, subsidence has fat' 
tened the valley floor. Near Mountain View, Campbell, and Willow Glen, sub- 
sidence has increased the gradient. 
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A system of holding ponds is needed in the tidal area in order to store storm Holding Ponds 

runoff waters during periods of high tides. Tidal gates then could release the Required 

storm waters in these basins to the Bay of San Francisco. Alviso and the 

lands between the Bayshore Highway and the Leslie Salt Company dikes 

are in effect such a holding pond today. Any diking of additional areas such 

as Alviso to provide protection from flood waters will back the impounded 

water waiting to reach the Bay at low tide upon rich agricultural lands. 

Areas needing further consideration of storm water holding pond develop' 
ment are: 


Palo Alto, for the Matadero, San Francisquito and Adobe 
Creeks. 

Mountain View'Sunny vale, for the Stevens and Permanente 
Creeks. 

Alviso, for the Guadalupe Creek and its tributaries and the 
Coyote Creek and its tributaries. 

A comprehensive plan for major storm sewers is also needed for this area. 


Polo Alt©, Mountain View, Sunnyvale, Cupertino-Saratoga 
and Los Gatos Areas 

Storm sewers should be required of each subdivider to remove the surface 
runoff waters from his subdivision in this area. The County should provide 
a system of major storm drains which will empty into the existing drainage 
channels. All natural drainage channels should be maintained in a state of 
repair, be free from silt, and be adequately diked. 


Tie Downer Avenue Area 

It is recommended that this area remain in a nomresidential agricultural use. 
The flatness of the area and the low absorption characteristic of the soil will 
make it difficult to dispose ofthe large volume of water which urbanisation 
of the land would create. 


The Evergreen Area 

A study must be made of this area to determine which lands can be ade' 
quately drained of surface waters under conditions of urban use and which 
lands should remain in an agricultural use. A plan of major drainage chan' 
nels in relation to the volume of expected surface runoff from future urban 
use must be prepared. From this an accurate conclusion can be drawn as 
to the potential urban development which can be taken care of through 
additional storm sewers construction. 
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Carnedero 

Creek 


Llagas Creek 


Soap Lake 


South Santa 
Clara Valley 


Seufh Valley Area 

Cures for the flood hazard in this area include channel cleaning, bank pro- 
tection and levees, by-pass channels to relieve creek bed overloading, and 
drain ditches for early removal of water from submerged areas. 

All of these possibilities should be studied, but thus far it appears that most 
of them would not be economically feasible. However, about a mile of levee 
and bank protection on Carnadero Creek near Gilroy seems justified. Part 
of the damage to farm lands is compensated by valuable deposits of silt from 
the flood waters. 

Reopening of natural drainage channels in the Llagas Creek area is desirable 
and could be accomplished with proper cooperation of the land owners. 

Ground water drainage in the Soap Lake and Pajaro River district is more 
difficult, but offers bigger rewards if accomplished. At least 1,000 acres of 
good soil now of little value because of its high water table would become 
high priced farm land if properly drained. In the heavier soils tile drainage 
would not be feasible. Open drain ditches appear to be most feasible. 


Land Use Adjustments 

By way of enduring the incurable, readjustment in land use is the obvious 
solution. Low lands that will be ultimately waterlogged beyond redemption 
by any feasibe drainage should be devoted to gracing or shallow rooted 
crops, even at a loss of past investment in orchard or other development. 
Also, lands subject to insurable flood hazard should be devoted to crops that 
will suffer least from flooding and profit most from the resulting silting. 
Under no condition should lands subject to incurable flood hazards be used 
for residential use. If by-passes are found desirable to carry the peak of 
heavy floods, these should follow low swales where easements could be 
secured at reasonable cost and the land adjusted to. the best use consistent 
with infrequent flooding. 


Flood Plains 

On examination of hydrographic conditions such as flood frequency, quan¬ 
tity storm runoff volumes, and physical and topographic factors, land subsi¬ 
dence and land inundation conditions during the past ten years reveal several 
flood plain areas. 

The army engineers in 1944 surveyed contours of the San Felipe Lake and 
Pajaro River Flood Plains. This flood plain area has been mapped with 
enough accuracy that flood plain zoning could be established here under 
existing California legislation. 
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The County Planning Commission staff in 1'9?2 with the help of aerials and 
field surveys established contours of flood plains. These flood plains were 
inundated from one to five weeks. 

In north Santa Clara Valley these flood plain districts are: 

Evergreen 

Santa Clara-Agnew-Alviso 

Lands adjacent to tidal dikes from Palo Alto to Alviso. 

These districts shown as flood plains on the plate facing page 46 are recom¬ 
mended to remain in non-urban uses. 

In addition to the above flood plain districts, the following areas are not 
suitable for urban uses because of soil and drainage conditions: 

Downer Avenue 

Laguna Seca 

Alum Rock-Evergreen: area adjacent to the Evergreen Flood 
Plain. 

Where possible, State and County highways should be located out of flood' 
plain areas. It will be expensive enough to provide adequate drainage in 
other areas without the additional cost which would be involved in crossing 
flood plains. 

Highways crossing flood plain areas should be designed to drain all waters 
readily. 


Conclusions 

As a result of the present investigation, it is concluded: 

1. That the drainage problem in certain parts of this county is already 
serious and is destined to grow worse unless proper remedies are applied. 

2. That subdivision of agricultural lands increases storm runoff and makes 
the storm drainage problem more complex. 


North Santa 
Clara Valley 
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3. That among the known causes of the present adverse drainage condition 
are: 

Surface flooding due to creek bed obstruction and silting. 

Retarded runoff because of closed or obstructed culverts and bridges. 
(Note: in some instances these structures were not designed to carry 
the required volume of storm runoff waters.) 

Inundation near the Bay is at least partially due to recent uneven 
settlement of the valley floor and partially due to the lack of tidal 
gates in the dikes. 

Local conditions of high ground water tables caused by over-irriga- 
tion, discharge of septic tank effluent in areas with an underlying 
hardpan, and seepage of water from higher elevations along the im¬ 
pervious subsoil. 

Local impervious surface soil conditions which allow little or no per¬ 
colation of surface runoff into the ground. 

Lack of an adequate County system of major and minor drainage 
channels. 

4. That among the obvious remedies worthy of careful consideration are: 

Preparation of a county wide plan for flood control measures which 
are within the limit of economic feasibility. 

Re-opening of natural drainage channels. 

Construction of bypasses or drainage ditches to remove flood water 
with a minimum damage to properties. 









January 16, 1952. Llagas Creek under bridge near Old Gilroy. Water 
in channel rose almost to top of banks before cresting about noon. 
Stream feeds into Soap Lake and the Pajaro River, which flows into 
ocean near Watsonville. 
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Waters of several creeks, including Pacheco and Llagas, spilled into 
lowlands southeast of Gilroy to form this large sheet of shallow water 
called Soap Lake. Lake is seasonal affair and shrinks to small area in 
summer. At the time of this picture, during the January floods, it 
covered art estimated eight square miles. 










Where feasible and possible the construction of additional conserva- 
tion dams to percolate more water to the underground reservoir, 
thus making the fullest use of all natural percolation gravels. 

The alteration of the use of the land to meet flood conditions where 
it is impractical or impossible to prevent the inundation of the land. 

Control of land use in inundated areas through flood plain zoning. 

(The areas shown on the “Flood Plains” plate, facing page 46 have been 
checked during the last twenty years so that a contour line could be drawn 
around the land which is regularly inundated during a flood producing 
storm. The Army Engineers have done this for the Soap Lake district. The 
land adjacent to the tidal flats could be easily contoured by running a line 
of levels. In the tidal flat area everything below elevation 6.5 feet is subject 
to tidal flooding at the mean high tide. Flood conditions on the Guadalupe 
and Coyote have been designed by the Army Engineers, Santa Clara Coun¬ 
ty Engineer, and the County of Santa Clara Planning Commission staff on 
separate years. In 1952 aerials were flown seven days after the height of the 
January 12 flood. These aerials show flood conditions in the tidal flat area, 
Guadaiupe and Coyote area and the Tully and White Road area. In such 
instances as the above, residential subdivisions could be prohibited under the 
California Flood plain Zoning Law if the area is surveyed. The County has 
enough information to survey each area within the flood plains.) 





Recommendations 


1. Drainage improvement should be accepted as one of the important fact¬ 
ors in planning for this County. 

2. Well-coordinated investigations and planning should be initiated at 
once to consider all the major factors herein mentioned. 

3. All plans for local drainage improvement should be closely correlated 
with a master plan for ultimate development of the County and its 
resources. 

4. Investigation should be started at once to determine the scope of a 
master storm drainage plan as well as the local drainage basins on the 
valley floor. 

5. As a part of any overall drainage plan, attention should be given to the 
conservation and return to the underground water table of all possible 
storm runoff waters in order to avoid the overdraft which in the past 
has caused the sinking of the valley floor. 

6. As a part of any overall drainage plan, a project should be initiated to 
clean and deepen all existing drain ditches in order to reopen former 
drains, and to straighten and construct such new drainage channels as 
are necessary to provide for storm runoff. 

7. The Corps of Engineers, U. S. Army, should be requested to give early 
priority to the execution of such flood control measures on Coyote, 
Guadalupe and Carnadero Creeks and in the tidal flat area as their in¬ 
vestigations determine to be feasible. 

8. All subdivisions should be provided with storm sewers. 

9. The problems of surface and subsurface drainage should be considered 
in relation to the problems caused by surface runoff, septic drainage 
and irrigation. 

10. Special consideration should be given to the problem of increased run¬ 
off of storm waters which is being created by land subdivision. 

11. Subdivision of lands subject to inundation should be restricted on the 
grounds of endangering the health and welfare of the community, this 
restriction possibly taking form in flood plain zoning. 
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January 18, 1952. Fields northeast of Hillview Golf Club under water. The usually dry ditch, 
the old stream bed of Silver Creek, filled with flood waters from Evergreen Hills. 


Foreword 

Part 2 of this monograph contains information directly related to the geo¬ 
logic and topographic conditions affecting the drainage within the County. 
This section has been divided into four topics. Each of these topics bears 
positive relationship to the other. For the most part, this section of the re¬ 
port deals with subsurface drainage problems. 

The topics are: 

Geological Background 

Underground Water Table 

Land Subsidence 

Interior Drainage of the Soil 

Under the topic entitled “Underground Water Table,” the aspects of the 
diminishing water supply related to drainage have been included. The over¬ 
draft on the underground reservoir has indirectly contibuted to the flood 
problem through land subsidence. 
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Geological 

Background 


Underground 
Water Table 


Land 

Subsidence 


Highlights 

Many of the factors relating to water and soil problems are directly related 
to the geological formation of the valley. The geological process is continuing 
today as is shown by land subsidence, active earthquake faults, erosion of the 
uplands, and alluvial deposits of streams. 

During a 13 year period (19354948), there has been a continuous annual 
overdraft amounting to an average of 42,000 acre-feet in Santa Clara Coun¬ 
ty. At present the changeover from a rural to an urban culture is increasing 
this demand upon the diminishing water resources of the County. This con¬ 
flict between the rural and urban cultures results in increased competition 
for the use of these water resources. 

Conversion of orchards to truck and row crops also increases the water de¬ 
mand. Industrial areas use more water than the same areas in orchard use, 
and urban residential areas use as much water as deciduous orchards. 23 

In many areas of the County there is not enough water to continue an agri¬ 
culture culture. (Note: if these areas are converted to any other use the 
water problem will be intensified.) With a complete conservation program, 
the valley will still need to import water to satisfy the demands of its poten¬ 
tial rural-urban development. 

A direct relationship exists between the underground water table overdraft, 
lowering water tables, and land subsidence. 

Dewatering of blue clays at a depth of approximately 300 feet in the pres¬ 
sure area of the northern valley is responsible for this subsidence. 24 

The topography and slope of the valley floor have been changed by subsi¬ 
dence, for example: 

Land subsidence has enlarged the level plain between San Jose and 
San Francisco Bay. 

This subsidence of lands adjacent to the Bay has caused recent tidal 
flooding of rich agricultural land. 


23. See Bulletin No. 7, Santa Clara Valley Investigation, State Water Resource 
Board, 1951. 

24. Compaction of these clays can be permanent if they are turned to shale. However, 
land subsidence has not compressed the gravels of the underground water table. 
Geologically, compaction of these gravels is not possible. 








Subsidence and the diking of the San Francisco Bay in order to prevent 
flooding of the land from high tides has made it more difficult to take care 
of storm water runoff between the Bayshore Highway and San Francisco 
Bay. 

A great deal of the land area of Santa Clara County will not readily pen 
colate water into the soil. 

Lands adjacent to the San Francisco Bay, San Jose, Evergreen and the Pajaro 
River have surface soils which are heavy, impervious clays with a very low 
permeability rate for surface waters. 

Much of the valley floor is covered with a clay subsoil. 

Water tends to seep along clay subsoils until it reaches the Bay or inland 
pockets, thus causing areas of high ground water tables and perched water. 

Areas with a high surface ground water table and perched water bear no 
relation to a full underground water storage reservoir. 

Heavy clays and a high surface ground water table create difficult founda- 
tion conditions and contribute directly to the surface runoff and storm drai¬ 
nage problem. 

Much of the Santa Clara Valley cannot be adequately served by a minimum 
septic tank installation. In general this means that if these areas are sub¬ 
divided sanitary sewers must be installed, or a large acreage sffie lot must be 
maintained. 

Even with a large lot sffie, septic tank installations do not always work well. 

In. many districts with tight and impervious clay soils, the effluent from 
septic tank leaching lines comes to the surface of the ground. 

In impervious soils there is a potential danger of the soil becoming septic 
when effluent from septic tanks is discharged into it. 


Interior 
Drainage of 
the Soil 
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Its foundations weakened by the turbulent 
rising waters of the Guadalupe River, this 
bridge on Branham Road, Robertsville, was 
near collapse at the time this picture was 
made. January 14, 1952, 



Location 


Valley 

Drainage 


Coyote River 
Cone 


©e©l@<gledl Background 

Santa Clara Valley is bounded on the southwest by the crest of the Santa 
Cruz, Mountains, on the north by the San Francisco Bay, on the northeast 
by the crest of the Mount Hamilton Range, and on the south by the Pajaro 
River. 

Near Madrone the Coyote River alluvial cone (the upper Coyote fan) 
divides Santa Clara Valley into two drainage basins. The northern basin 
drains into San Francisco Bay. The Southern basin drains via the Pajaro 
River into the Monterey Bay. Drainage is one of the factors that divides the 
valley into north and south areas. 

In the immediate geologic past the Coyote River has shifted on its alluvial 
fan discharging at times, as it does today, northerly into San Francisco Bay. 
On other occasions when the river changed its course the discharge was 
southerly into the Monterey Bay via the Llagas Creek and the Pajaro 
River. 25 


25. C. F. Tolman and J. F. Poland, “Ground-water, Salt-water Infiltration, and 
Ground-surface Recession in Santa Clara Valley, Santa Clara County, Califor' 
nia;” Part 1, Transactions: American. Geological Union, p'24; 1904. This was 
discovered by the study of fresh-water fishes in streams discharging into San Fran¬ 
cisco and Monterey Bays. See report of the United States Fish Commission, 1904; 
“Notes on Fishes of Streams flowing into San Francisco Bay,” by J. O. Snyder. 
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The principal valley, north Santa Clara Valley, having the northern drain' 
age basin, is a nearly circular and bowl shaped area. The north-south dimen¬ 
sion is the greater, being 20 miles; the east-west dimension is 13 miles. 

At the southern end of the north Santa Clara Valley is a pass known as the 
Lower Gorge of the Coyote. 26 This pass, separating the encircling mountain 
ranges, opens into and is an extension of the main valley reaching as far 
south as Madrone. The total length of the Santa Clara Valley from Palo 
Alto to Madrone is 36 miles. The Coyote Valley and north Santa Clara 
Valley form the north drainage basin of Santa Clara Valley. 

South Santa Clara Valley is roughly triangular in shape, with its apex at 
Madrone. The distance from Madrone to the Pajaro River is approximately 
17 miles. 

Santa Clara Valley is, essentially a “downdropped” valley, with relatively 
uplifted mountains on both sides. The geological formation of the valley was 
accomplished by complex faulting and folding around its margins. The same 
forces, acting probably at the same time, caused both the faulting and 
folding. 27 

The margins of the Santa Cruz, and Mount Hamilton ranges are truncated 
from the valley floor by the active San Andreas earthquake-faults. The Hay¬ 
wards fault and the Calaveras fault join south of Gilroy. These faults trun¬ 
cate the Mount Hamilton Range from the valley plain. Farther south the 
Haywards fault joins the San Andreas fault. The latter lies at the base of 
the Santa Cru 2 , Range. 28 

In general, the geological history of the Santa Clara Valley is identifiable 
with that of the California Coast Ranges. This has consisted of periodic in¬ 
undations of the land by the sea, separated by periods of uplift, faulting, 
folding and erosion. Bedrock was formed in the early and pre-Pliocene geo¬ 
logical era. Rocks of the Santa Clara Valley are mainly marine and fresh 
water sediments. Bedrock is considered as non-water bearing in the Valley 
and underlies the water bearing strata. 29 
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26. This extension of approximately eight miles is known as the “Coyote Valley” or 
“The Narrows.” 

27. N. L. Taliaferro, “Geologic History and Structure of the Central Coast Ranges 
of California,” California Department of Natural Resources, Division of Mines 
and Geology, Bulletin 118, pp. 151-159, 1943. 

28. C. F. Tolman and J. F. Poland, op. cit., p. 24. 

29. Bed rock lies several thousand feet below the surface; at San Jose and Moffet 
Field it is approximately 5,000 feet to bed rock. 
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In the late Pliocene geological era fresh water streams and lakes were abun¬ 
dant from approximately the present location of the city of Morgan Hill to 
south of the Pajaro River. The marsh conditions of today in south Santa 
Clara Valley are the remains of lakes, such as Soap Lake and Laguna Seca. 
In this same geological era large alluvial fans were formed. At the time of 
maximum development of the fans the valley was nearly twice as wide as it 
is today. 30 During later geological eras the mountain ranges were raised and 
extended, the valley basin was narrowed and additional alluvial fans were 
deposited as well. 

The disposition of the recent geological sediments has been in the form of 
alluvial fan, flood plain, and tideland deposits. The recent alluvium of Santa 
Clara Valley has been deposited over a period of approximately 25,000 
years. The formation of the alluvial fans indicates that the streams wandered 
back and forth over broad expanses. This is shown today by abandoned 
gravel stringers which are not connected to active streams. The tideland de¬ 
posits are responsible for the blue clays which form the pressure area of the 
underground water reservoir, as well as the present mud flats of San Fran¬ 
cisco Bay. Flood plain deposits are responsible for much of the rich alluvial 
soils on the plains which are adjacent to San Francisco Bay and the Pajaro 
River. 


30. See Bulletin No. 7; Santa Clara Valley Investigation, State Water Resources 
Board, 1951. 
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Underground Wafer Table—-Santa Clara Valley 

The most important structural feature in northern Santa Clara Valley, as 
far as ground water is concerned, is the gentle dip of alluvial gravels and the 
water bearing rock structure from the sides of the valley towads its center. 
The infiltration of surface waters into the underground reservoir takes 
place at the sides of the valley where the alluvial gravels and the water bear¬ 
ing rock structure are near the surface of the ground. 3 ' 

Recent alluvial gravels comprise the major reservoir for underground water 
storage in Santa Clara Valley. The depth of these deposits range from 1,000 
to 4,000 feet. At present most of the water is obtained from underground 
reservoirs of no greater depth than 1,000 feet. 

Pressure areas overlain by a confining blue clay strata exist in the central 
portion of the northern valley. 32 Generally this blue clay strata is found at 
a depth of approximately 300 feet. In the southern portion of the valley 
pressure areas exist near the Pajaro River. In these areas perched water 
on top of the blue clay strata is common but is not generally used as a source 
of water. These clays are the most important in the valley from a water sup¬ 
ply standpoint, since they form impermeable and nearly horizontal barriers 
which confine the aquifers within the pressure zones. These clays also act 
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31. See Monograph by San Jose Chamber of Commerce, May 1952, reporting on 
Bulletin No. 7, State Water Resources Board, op. cit. 

32. These areas extend outward into the valley from the San Francisco Bay. See 
“Pressure Areas” plate, facing page 24. 












as a barrier to the infiltration of salt water from San Francisco Bay into the 
underground water reservoir. The black tideland deposits around the south¬ 
ern end of the bay are unconsolidated equivalents of the deeper blue clays. 
The latter are thickest in the central part of the northern valley. This would 
indicate that an arm of the San Francisco Bay has been present there 
throughout most of the recent geological era. Assuming that conditions simi¬ 
lar to those of today existed throughout this era, the extent of the deeper 
blue clays probably delimits the extent of the former tidelands. These blue 
clays are an oxidised form of tidal clays. See “Pressure Areas” plate facing 
page 24. 


Sources of 
Underground 
Water Supply 


Overdraft 


Importation 
of Water 
Needed 


A Dependable Wafer Sypply Is Needed 

The source of the underground water is stream, rainfall, and percolation 
pond infiltration in the free ground water areas of the valley. 33 Once the 
water reaches the water table, it moves generally toward San Francisco Bay 
in the northern part of the valley and toward the Pajaro River in the south¬ 
ern part of the valley. 

In a recent study it was found over a 13 year period, 1935-1948, that there 
has been a 34,000 acre-foot overdraft on the northern drainage basin under¬ 
ground water reservoir and an 8,000 acre-foot overdraft in the southern 
drainage basin of Santa Clara Valley. That is an aveage yearly water de¬ 
mand of approximately 42,000 acre-feet more than has yearly infiltrated 
into the underground reservoir. 34 In 1950 the water table was at an all time 
low. 

The State Water Resources Board, the San Jose Chamber of Commerce, 
and the local water conservation districts have been studying the problem of 
securing a firm supply of water for Santa Clara Valley. Any solution will 
require not only the full use of waters now going to waste from winter rains 
but also the importation of water from some other watershed. 35 


33. Free ground water areas do not have the overlying strata of impervious blue clay 
that is found in the pressure areas. Percolation ponds are confined to these rela¬ 
tively few areas of the county near the hills where gravel strata makes direct con¬ 
tact with the underground water bearing rock and gravels. 

34. Bulletin No. 7, State Water Resources Board, op. cit. 

35. Ibid. 
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free ground water zone 


pressure zone 


irrigated lands 1.03 


urban areas 1.02 



farmsteads 



north valley 
south valley 


Table 5 Nef Draff on 
Ground Wafer 

Santa Clara Valley 

Adopted from State Water Resources 
Board, bulletin No. 7, tables 34 and 35. 
Estimated Average and Mean Annual. 
Unit Net Drain shown in feet. 



*ln the pressure areas, truck crops, permanent pasture, and alfalfa 
predominate. These crops require approximately 20 to 25 per cent 
more water than either deciduous orchards or urban areas. 
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Table 6 Groundwater Levels 

Santa Clara Valley 

Average fall depths to groundwater, show¬ 
ing yearly fluctuation of underground water 
level through a 13 year period. 

Adapted from State Water Resources 
Board, bulletin No. 7, table 12, based on 
data published by the Santa Clara Valley 
Water Conservation District. 
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124 feet 


122 


108 


84 

101 

82 

63 

50 

55 

67 

79 

90 

109 

124 





It is interesting to note at this time that in certain areas some orchardists 
have been turning their land either to urban use or truck crops as a solution 
to the lack of irrigation water. In other areas, non-irrigated lands have been 
subdivided for urban use. The point to consider here is that in withdrawing 
lands from an agricultural use because of an insufficient supply of irriga¬ 
tion waters, the water supply problem has been made more critical. General¬ 
ly, irrigated orchards and urban require the same amounts of water while 
truck and row crops require from 20 to 25 per cent more water than either 
urban or orchard cultures. Unless an adequate supply of water for valley 
needs is obtained, the resulting competition between urban and agricultural 
interests for their share of the valley’s water supply will be detrimental to 
both the agricultural and urban developments within the valley. 

In 1948 Santa Clara County was taking approximately 42,000 more acre- 
feet from the underground water storage reservoirs than was being replenish¬ 
ed each year. Santa Clara Valley’s underground water reservoir is character¬ 
ised by falling water tables. 

The yearly overdraft has been the cause of land subsidence. Continued land 
subsidence is one of the factors which make the storm drainage problem a 
critical one. 

Urbanisation and a change over to truck and row crops will require an in¬ 
creasing amount of water over and above the County’s present supply. The 
competition between urban and rural cultures for the existing water supply 
will be to the detriment of the rural culture. 

Conservation of waters wasted into the San Francisco and Monterey Bays 
will help but will not establish stable yearly supply. This is due to the season¬ 
al fluctuation of rainfall. Finally, in order to obtain a stable water supply to 
meet the future needs of the County for both rural and urban cultures, an 
outside source will be needed. This means that in the future, water will have 
to be imported into the County no matter how well the surface runoff 
waters are conserved. 36 
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36. Monograph, San Jose Chamber of Commerce, op. cit. 






Agnews Hospital area, January 12, 1952. Facing west on 
Horseshoe Drive parallel to Montague Road. 


Land Siibsidenee—North Santa Clara Valley 


The 1920 leveling by the U. S. Coast and Geodetic Survey revealed a .014 
of a foot discrepancy in the elevation of San Jose from the original 1912 
leveling. In 1932-1933 a re-leveling revealed at the Hall of Records in San 
Jose that bench mark P7 had an elevation 4.05 feet lower than recorded in 
1912. (See table 7, page 67.) Since 1932 a network of bench marks has 
been set up around the southern end of San Francisco Bay to check on the 
subsidence in this area. In the 1930’s Fred H. Tibbetts explained this subsi¬ 
dence as follows: 37 


i scovery 


“The change in volume in formerly saturated blue clay which has 
now been drained (by pumping) should account for the settlement 
. . . (the settlement) seems to be roughly proportional to the decline 
in the water plane at the different points.” 


37. C. F. Tolman and J. F. Poland, op. cit., page 29 
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Summary ©f Dcrta Available in 1952 38 


Ground subsidence in Santa Clara Valley has affected an area of about 200 
square miles. 

The depression represents a volume of 52,000 acre-feet for the period of 
1934-1938, and 240,000 acre-feet for the period of 1919-1948. This is ap¬ 
proximately 15 per cent of the quantity of water pumped during these 
periods. (Note: The period of heavy pumping which has resulted in today’s 
overdraft of 34,000 acre-feet on the underground water reservoir of north 
Santa Clara Valley began in 1910.) 

The sinking is limited to areas underlain by dense blue clay. See “Pressure 
Areas” plate facing page 24. 

No sinking has occurred within areas where adequate water table conditions 
exist, or in areas underlain by more than 40 per cent of sand and gravel. 

In 1948 the areas of maximum sinking which contained deep wells were: 

Moffett Field, two at 1,000 feet deep. 

San Jose, one at 1,500 feet deep. There were others that were 
1,000 feet deep. 

The areas of maximum sinking in 1952 are again areas of maximum well 
production and well depth. 

The “rising” of well casings is common in the sinking area. Many of these 
casings have risen two to three feet above ground surface. (One old cement¬ 
ed casing at the Palo Alto Yacht Harbor which was originally at ground 
level stood five feet above the surface in 1941; a casing on the Will Weston 
ranch had a one foot differential in elevation in 1952.) 

This “rising” registers the compaction of materials between the bottom of 
well-casings and ground-surface. 39 
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Subsidence 


Volume of 
Subsidence 
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of Area 
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Land 

Subsidence 


Pump repairmen report that in the pressure areas of the northern valley, 
wrinkles frequently develop in deep well casings at about 200 feet. (This is 
within or near the blue clays where compaction is taking place.) 


38. C. F. Tolman and J. F. Poland, op. cit., p. 29; U. S. Coast and Geodetic Survey; 
Bulletin No. 7, Water Resources, op. cit, 

39. Water can be withdrawn from underground gravels which can be recharged to 
the same capacity each year. See also footnote No. 24, p. 48. 
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Sinking of ground surface virtually ceased in 1937, three years after spread-- 
ing operations were initiated by the Santa Clara Water Conservation Dist¬ 
rict, and after a rise in average water levels of approximately 50 feet. 

In 1938-1939 there was a drop of the well water levels, and a continuance 
of the subsidence. 

This rise and drop of water level is reflected by a rise and drop of land sur¬ 
face, as is indicated by a comparison of tables 5 and 6. 

Subsidence is continuing at a slower rate today due to the development of a 
more stable water table between 1937 and 1948. 

In 1948 there was a recorded subsidence of 6.1 feet in San Jose, whereas the 
same bench mark in 1936 was 5.6 and in 1920 was 0.4 below the 1912 eleva¬ 
tion. (See bench mark 0-7, table 7.) 

In the twelve years between 1936 and 1948 at the same bench mark in San 
Jose there was only a drop of 0.5 feet in comparison with a 4.83 foot drop 
in the period between 1920 and 1936. (The period between 1920 and 1936 
represents the period of greatest overdraft upon the underground water 
tables. (See bench mark P-7, table 7.) 

Earthquake No significant ground movements have been detected along the San Andreas 

Faults and Haywards Faults. The survey lines show small but irregular ground 

elevations to the east of Haywards Fault, but these are too small and too 
irregular to be considered indicative of earth movements along the fault. 

Blue Clays The blue clays of the northern valley have yielded about 4,000 acre-feet 

a Source of of water per year to the underground aquifers since 1935. When the water 

Wafer table is low, release of hydrostatic pressure on these clays allows the over¬ 

lying sediments to compress them slightly. With the added pressure, water 
which fills the minute pore spaces between the particles of clay is forced into 
the underground aquifers equal in volume to that of the compression of the 
clays. One result of this compression is subsidence of the land surface. 

Land sinking is more pronounced in the vicinity of deep wells, which tap 
large numbers of aquifers and which drain a greater thickness of clay, than 
near shallower wells. See "Subsidence Contours” plate, facing page 64. 
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January IS, 1952. Infact roof over main portion of Russell Pierce home on Pierce 
Road, Saratoga, belies wrecked interior where tons of mud moved down from bank 
in foreground and pushed in walls. 


When the water level in the gravels of the aquifers rises, the pressure is in¬ 
creased. The drainage of clays is first reduced and then later stopped. If the 
original water table could be maintained the resulting pressure in the aqui¬ 
fers could force water back into the clay, causing it to expand. This expan¬ 
sion of the clays would make the land rise. However, it is felt that little if 
any rising of the surface would result from a continued pressure due to high 
underground water tables (Note: In some instances during the last few 
years a slight rise in elevation has been recorded; however, continued pump¬ 
ing during the period from 1943 to 1948 has shown an overall subsidence.) 

Whether or not volume recovery is complete, partial, or nil depends largely 
on whether the structure and mineralogic composition of the clay has been 
changed by compaction. The change of clay into shale by compaction due 
to geologic processes is irreversible. 40 

An examination of the “Subsidence Contours” plate, facing page 64, will 
show that the inland areas of San Jose and Moffett Field are sinking at a 
greater rate than the tidal flats along the San.Francisco Bay. This means 
that the plain is flattening out between these two points and the bay. A 
direct result of the leveling there is a loss of gradient so that flood and storm 
runoff waters tend to wander sluggishly between the Bayshore Highway and 
the tidal flats. This is especially true today between San Jose and Alvis'o. 


Explanation 
of Land 
Subsidence 


Subsidence 
May be 
Irreversible 


Correlation 
With Drainage 


40. The dewatering; of the blue clays does, however, have a direct effect upon the 
moisture content of the soil. When the clays are dry, moisture is taken from the 
top soils. When the clays have a stable water content, less irrigation is required 
in the upper soils. (Interview with Mr. Hunt, Water Conservation District.) 
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January 15, 1952. A new creek. Yamaichi Bros, ranch had running water in one of 
its barns at Cropley Avenue and Morrill Road when this small torrent swept across 
their property. Low lying areas in East San Jose bore the brunt of Mt. Hamilton 
runoff as spreading waters overflowed ditches and stream beds. 


A graphic analysis and evaluation of the percolation characteristics (interior 
drainage) of Santa Clara Valley soils has been the aim of this section of the 
report. The material presented here gives an overall picture of the first six 
feet of the valley floor, and shows the location of soil types with similar ab- 
sorption rates for surface and underground waters. 

Mr. Walter Weir, one of the University of California men who directed the 
work of this soil survey, has made the following comments concerning the 
accuracy of the 1947 soil survey: 

“The soil survey for Santa Clara County is one of the newest 
and most accurate ever made in the State of California. In fact, 
all soil surveys now being conducted are using the 1947 survey 
for the north-westerly section of Santa Clara County as a 
guide. This survey is 90 per cent accurate when the informa¬ 
tion is directly transferred to the ground from the published 
base maps, and 95 per cent accurate when the original base 
maps are used. 41 So complete is the soil type designation that 
there is only a variation within narrow limits. This is because 
the soil types have been broken down by color, texture and 
profile so that even blending areas between two soil types have 
been designated as separate types.” 


Accuracy of 
the Survey 


The original base maps were developed from aerial photographs. The scale of both 
the aerials and the map was four inches to a mile. The survey for South Santa 
Clara Valley is not as detailed nor graphed on as accurate a map as the survey 
for North Santa Clara Valley. 
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Soil Formation 


The basic factors influencing soil formation have been included in the "section 
entitled geological background. These factors, which influence the formation 
as well as the location of soil types, are erosion, shifting drainage channels, 
tidal flooding, weathering, and leaching and percolation of waters. 

The valley floor has been formed by alluvial deposits of eroded material from 
the uplands. During periods when the soils were being formed shifting 
stream beds were perhaps one of the greatest factors influencing the soil 
structure of Santa Clara Valley plains. 

Soil profiles made from test boring, well cores, and excavations show that 
different soil types such as gravels, clays and loams are interlaced in finger- 
like formations. In each succeeding age there has been laid down a different 
pattern of soil types so that today the resulting profile is one of stratification. 
For example, the individual beds of gravel are very irregular and porous. 
Clean gravels may grade into any combination of gravels, sands and clays 
which in turn may eventually pinch out or grade into either sand or clays. 
On the other hand, loams may have an underlying clay pan which in turn 
may overlay another strata of loam or gravel. 

During periods of inundation by the sea or lakes, clay and lime formations 
have been deposited on the valley floor. At a later date these early forma¬ 
tions have in turn been covered with alluvial deposits from the uplands. 
Much of the lime in the area adjacent to San Francisco Bay has resulted 
from earlier shell fish beds. 

Another and equally important factor in soil formation has been the effect 
of weathering. As an example, weathering has turned many gravels into 
clay deposits. 

Water leaching and percolating through the soil tends to wash fine particles 
into the lower stratas. This action brings about the formation of clay in the 
subsoil and over a period of years will result in a heavy and impermeable 
clay pan. An example of this is the Castro soil series with their underlying 
hardpans. 42 Flere over a long period of years newly deposited alluvial soils 
with deep and permeable subsoils have been changed into soil series with a 
subsoil of clay hardpan. 
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42. In the Castro soil series difficult foundation conditions for building may be 
expected. 
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Dense and Impervious Subsoil nfurs 

The “Subsoil Conditions” plate, facing this page, shows the areas covered 
by impervious subsoil conditions. These contours do not necessarily indicate 
continuous layers of impervious material. However, the interlaced fingers of 
such impervious material are so related to each other that it is exceedingly 
difficult to percolate water into the soil. In most instances the water that 
reaches this impervious subsoil runs along the clay pan until it reaches the 
tidal marshes or until the clay stratas come to the surface of the ground. In 
the “Subsoil Conditions” plate, the contours have been separated into tidal 
flats, subsoils with a hardpan, and subsoils with a dense or moderately dense 
clay pan. 43 


Percetation Contours 

Several criteria indicate soils having poor percolation characteristics or in¬ 
terior drainage. These criteria are presence of salt, restricted drainage due to 
impervious subsoils, silt, clay and other tight surface soil types, and percola¬ 
tion tests made by the U. S. Department of Agriculture and the Santa Clara 
County Health Department. 

In most instances, the areas in which salt concentrations exist are directly 
traceable to an impermeable subsoil which allows an accumulation of salt 
and maintains a high water table in the soil. The high water table may be the 
result of one or more conditions: saturation of the soil by tidal flooding from 
the Bay and natural, and man made dams which block the flow''along the 
impervious subsoil. 44 Pockets are created which form large areas of perched 
water, and in some instances these high ground water tables are at the sur¬ 
face of the ground, thus forming swamp areas. 

Impervious layers of clay restrict the permeability of the soil. Where these 
layers are on or near the suface of the ground very little water is able to per¬ 
colate into the soil. Water stands sometimes three or four days after irriga¬ 
tion. In all cases water which reaches these impervious layers travels lateral¬ 
ly until it either reaches an outlet and is able to seep into a water course, or 
enter the San Francisco Bay. In many instances where cuts have been made 
by road excavations water has been seen to seep along the top of an imper¬ 
vious layer while the soil below this clay pan or rock remained dry. 


43. See Supplement No. 1, Section A, for tabulation of this information by soil types. 

44. Roads form an inverted dam. In many instances expensive tile fields have been 
required to drain ground water accumulated behind these dams. 
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Water percolating into the soil by irrigation or other seepage runs over the 
surface of an impervious clay pan until it finds a pocket or a soil dam. An 
accumulation of this seepage has caused high ground water tables near the 
surface such as exist in the Evergreen area of the County, the tidal plain 
adjacent to San Francisco Bay, such highways as El Camino, The Bayshore, 
Southern Pacific Railroad and similar roads. The presence of a high ground 
water table is not an indication of full underground water storage reservoirs. 
At times during the past twenty years the water table of the underground 
water reservoir has been at a very low level. Tests taken during these seasons 
in perched water areas have shown a waterlogged condition. 

Silt, clay and other tight surface materials will not allow surface runoff 
waters or underground seepage to percolate into the lower stratas of the soil. 

In order to properly tell how much and how fast water can penetrate into a 
given soil type, tests must be made. These tests, called percolation tests, 
when properly conducted will give the absorption rate of any given soil type 
for any given liquids. Different liquids will have different absorption rates 
in the same soil type. Septic tank effluent generally requires more absorption 
time than rain or irrigation waters. 

When the soils of Santa Clara Valley were classified as to type, percolation 
tests were run demonstrating the amount of time required for irrigation 
waters to penetrate the various soil types. (This data in its tabulated and 
mapped forms has been one of the sources of this survey.) 

As a check and a refinement on the University of California Agricultural 
Extension Service drainage classifications and percolation tests, data deve- 
loped by the Santa Clara County Health Department has been used. The 
Health Department makes test boring and percolation tests in each new 
subdivision to determine the characteristics of soil in relation to its absorp- 
tion of effluent from septic tanks. 45 Knowing the location of each sub¬ 
division, these ratings of the Health Department werq placed upon a per¬ 
colation contour map evolved from the Extension Service drainage classifi¬ 
cations. Using the information developed by this procedure a new tabulation 
of soil classifications was made which reflected actual experience with septic 
tanks. 46 The percolation contours shown on the plates facing pages 74 and 
74a, indicate these general areas. 
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45. See Supplement No. 1, Section B, for tabulations. 

46. See Supplement No. 1, Section C, for tabulations. 
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Classifications 


However, due to the inadequate coverage of Santa Clara County, individual 
percolation tests must be run for each land area in order to determine the 
exact rating of each soil type. This is especially true when determining the 
individual soil type’s percolation characteristic for the absorption of effluent 
from sepcit tanks. The County of Santa Clara Health Department performs 
this service in connection with its approval or disapproval of a design for a 
septic tank installation. 

The contours have been divided into six classes. The profile depth of each 
class is six feet. 47 Within each of the classifications the following general 
conditions can be expected: 

Class I: Good percolation characteristics. 

These soil types are light textured recent alluvial loams with the sub" 
soils the same as the surface soils. Permeability is good to excellent. 

Class II: Good percolation characteristics. 

These soil types are heavy textured silt, clay, and gravelly loams. 
The subsoils are of a light clay. Depth of surface soils vary. Permeabi¬ 
lity is fair to good. This class includes some gentle rolling terrain. 

Class III: Made up of Class I and II soil types that are subject to 
periodic inundation. (Such conditions as flooding would tend to 
make septic tank installations in subdivisions unwise.) 

Class IV: Fair Percolation. 

These soil types are light and medium textured clay loam, silty loams, 
gravelly clay loams and shallow phases of Class I and II soil types 
over basin clays. Depth of soil varies with some shallow deposits of 
permeable soils over basin clays. Subsoils are light to medium clays. 
Permeability is fair to poor. There is a great variation in the adapt¬ 
ability of the soil for the disposal of septic tank effluent. This area 
sometimes calls for more than the minimum requirements in the in¬ 
stallation of septic tanks and their leaching lines. 


47. See Supplement No. 1, Section C. The use of these percolation contours becomes 
more valuable in the light of the recently adopted policy of the State Regional 
Water Pollution Control Board which' sets up rigid qualifications and standards 
for septic tank installations. 
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Class V-a: Poor percolation characteristics. The soil types are heavy clays, 
silty clays, and upland soils with some of the more permeable soils in a 
shallow phase over basin clays. Subsoils are medium or heavy clays, hardpan 
or other impervious material. Depth of soil varies and there are some slopes 
over three per cent. These soils generally have restricted drainage with a 
permeability rating of poor to very poor. One can expect to find high ground 
water conditions in this class, as well as periodic flooding. If satisfactory for 
use of septic tanks these soil types will require special means of establishing 
disposal fields. Foundation conditions are generally a problem in this class. 

Class V-b: No permeability as these soil types are found in tidal flats or 
swamp areas. Soil types are heavy textured muck, peat, or tidal marsh. Since 
the soils are waterlogged, they present impossible foundation conditions and 
are not adaptable for the disposal of effluent from septic tanks. Subdivision 
should,not take place in these areas. 

Class V-c: Tidal flats. No permeability. Salt water infiltration by test has 
been found to range from zero to 100 feet in depth of penetration into the 
soil. Most of this infiltration has occurred in areas subject to tidal flooding 
—areas which are increasingly due to land subsidence. In 1940 quite a high 
percentage of salt water had infiltrated into the underground water reser¬ 
voir. The source of this infiltration was found to be seepage of saline water 
from tidal percolation into uncapped wells. Saline water seeping into the un¬ 
capped wells then was able to bypass the impervious blue clays into the 
underground reservoir. 48 

Tests in 1949 revealed that the salt concentration within the underground 
reservoir was approximately the same as that recorded nine years before. In 
an analysis of these figures the State Water Conservation Board arrived at 
the conclusion that salt water intrusion into the underground water reser¬ 
voir has stopped. The report stated in part that: 49 

“Waters in 30 of the wells used in 1940 by Tolman and Poland to 
locate the fringe of pollution were resampled in 1949 and tested for 
chloride content. Comparison of the recent and antecedent analysis 
showed no appreciable change in chloride concentration at these 
wells during the nine years. This indicates that no significant inflow 
of saline waters through pressure aquifers from beneath San Fran¬ 
cisco Bay has occurred to date, and that pollution of deeper pressure 
aquifers by perched ground water has not generally increased, with 
the exception of possible pollution of ground water in the Palo Alto 
area.” 


48. These clays are generally found at a depth of 300 feet. Since this depth is greater 
than salt water penetration, uncapped wells or dry artesian spring courses would 
be the only way for salt water to reach the underground reservoir. 

49. See Bulletin No. 7, State Water Resources Board op. cit., 150, p. 
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CONTENTS OF SUPPLEMENTS I, II, III 


supplement I: 


supplement II: 


supplement III: 


section A Subsoil conditions restricting drainage. 

B Record of percolation test made by the County of Santa Clara 
Health Department. 

C Classification of soil types in relation to percolation characteristics. 
D Policy of State Water Pollution Board regarding water pollution in 
the Bay region. 

E Table of land subsidence in Santa Clara County. 


section 


1 Investigation of flood control and storm drainage problems by the 
California State Water Resources Board. 

2 Copy of a letter from Don Reinohl regarding Alviso flood control 
problems, February 1952. 

3 Memorandum to the County Executive concerning flood control 
survey, Corps of Engineers, U. S. Army, January 1952. 

5 Letter stating conclusion and recommendations on the report of 
the problem of storm water disposal adopted by the County of 
Santa Clara Planning Commission. 

6 Conclusions and recommendations with reference to the problem 
of storm water disposal, Santa Clara County, November 1949. 

7 Letter from Mark Thomas with reference to the proposed flood 
control survey, June 1949. 

8 Additional data to the County of Santa Clara Planning Commission 
from Mark Thomas regarding proposed plan for storm sewers, 
July 1949. 

9 Recommendations for the solution of storm water drainage prob¬ 
lems in Santa Clara County by Engineers Club, San Jose, Septem¬ 
ber 1949. 


Santa Clara Flood Control Act, as amended in 1952. 


*These supplements have been published separately in another book 
and may be had upon written request to the County of Santa Clara 
Planning Commission. 
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M »t« j ■. I 

I hate taken n, 

■nsm-fltin the pr .!.» 
uA* ' I *.» into i ari* 
puriod* eintu th-ir e 
i|fi3R ben aitxi'.j 
Which tntt Into rh 
iht fohterr if.ran »t 
ikAir. t Hit th>i 
‘(Bd.nJIjr f r 




* I'^uiiar aubioed 
«*“»£ »• it ft.i 
re»:.og principle* 
1 Intf* ativath n 

’"•I ■ t * «'t to make 
'tnp.!iiir anJ ar- 


Mmi > w. I la whi- 
tlill hare au(Ti<t 
| with the aurfje- 
worked I ) n •. I 
'Much practise J iu tbii 

Thisi initfcr j rc«. nr* 
for ibV« align ton. ir.v 
<u«ny of the m in*, 
of natural »?i. m • | 

j *• p"d lo it l v in. n o« 
ifM d.-ta;!a ..f , r-.i.-e in 
raag.ng th • natural I !*•* -rr e| ihn Htatr, 
•bull -f all vth I pr.f-utr the widaat 
pQMih:- fi 11 f r -a. h r„* arch and upon 
dhfeS the cunipbtv dc\ -h.pin.-Bl of it. 
•wpni*■> i» •*’ h*f nil. For *«ch 
i 1 fimwiii. i o.ii r<! it« arf.aian wo4J« I 

"I ib'l bte»l t i M’ nr. (miild Molatran 
"id Hail r u !• • !.4»e i rig ». cu ta|W|J 
in If'- h-i.-iiit-a in th « . ..iitity 

| fhc I .. •« i » (ah >. ,r Atjlrma*^ dT 
| the a Ml •Hit o run | a , f 4 |j«fe fc*.' 

. rlf, M ^‘*ur \< ii» j.i-i from oiiaerratioriy 
! ■aamattf by l» f ti |{ Franc, of .< 9tt Jw. 

I and may bo rolled on a s 1 *rrcct 



imbtr and J). c<-tu hr 

1 ilnuh it ta 
• m M...i|ba tl b 
Ik flmi.* fa 




} Ooort.aiid tha«ppa4«4i 
Hirin't Atlrruf/. tjwl 
felr, liowtvrr, Warabwm 
!/. 44 HurrayWr 
caaet tbera »* >*» » *»b dkn! 
foe*lion ut iU Li>iada«»r« 
of lira many litigatkun 
g claim*. Involving nearly ^ r - i r ^ rr 
that acllle/s are ur»*M* ></ 
juino of whom t i parobpn* la ordtr «• 
anjuiro any teller ti'U I 1 »M that «f 
'aoMton or pr^A’ti ptlon li.tUuRa H* 
common of p«r<fg^t’ wiahing to uikt 
provvnent* befng obliged lo rju‘ 

% doa> n litl*;a of ditf. ront aiiadea 
utplq^fe, Uf-.ro tin y dr.-mad I* 
in tlio |f*M>r«aioft of iki 

c h bfeik 

dr«at number* <■( grunt* *«« 

{■>cm the (1 H Ilf (net Court, 
th*ra art aw.itir.g Anal *J|udi«at 
tho Muprauie Cuttri of tha Uni 
It ia obvion* (bat iurli a *l*t*af 
mi gat very materially retard lb* 
of ifkipr -remmil, «u-i the dr»t 
of t|»<r agncultoral rr».arc** ofjany 
if i lo »i» < pini« m it vi/"ild hita k*** 
far batter dpnft ib« Gral otbv 
L r H lisn-l l'< fwoiiwi-VB tu l.ara fifeei 
niagd and fnfiriiiad rtrrr rb»d^| af fe 
daife in th* country, an I eluaed 
• nnaa *t once tl. i.t.v p itting 
•Ife feanufa^toi- *.f frail lulenl mlaA' 
pr'»V»4iiig • m) for ilia Imd* lo Jfea* In* 
r-rtha baoda -.{ the a. trier* by f «#dk>»# f 
upon a ure title The d«|rr<akl« *yn* 
tern of »i|iiatling » eld then b*ra b a efe 
laneoriiaijr, and all lit attendant *vil* 
j avertr*|. 

It ia fenerally ur>rf«r»!o«d that M 
i toon »» matter* are proper I v nr**|*d ( 

I *« tiler* w il bare aa of t "tntuiy ta fo*/» 

I •l , **a at A comparativety low pria»| 
^Iti |«r acre h**Uen ir-otione 4 B«f 
(ittlw *Jw| ■ «. I* r.rr I, • •». r I 4 nlnaa 4 
• m tha lenient fri.fo«tul«t. <u» of 
i*»a c|«i 
bWa* La 

F t! _ _ 

loeniad in lln* eo aoty ainoa kl* orgatutt 1 
*erca <6 t#d; eayic* 
and ' ifi-af. 1 of nhieb aevrral I or a 
I ini hire been duty tr*n<*..iu4 l-> 
roar r.(?i •<* I woo! ] rrmirk in tbit oon 
ntation • hat there is lira: 'll di'C^Micq Ir> 
cfrtaiM /|U«rter«. »» t-. whether ftcbnol 
la* 0 J W arraola can he l<g*lly h.-*te l 
e*eapt Sahara tb«* fraUra Uwd lu« U-o 
*cMra*4*.J 1 and fba yl>lr uttfenA b; 
lha V. 6 Surveyor U*n*ral 

I 1 ‘rfWMtk iff • 

: V t 4 

' ><* ofl^BfwanWfndic^- an ondrr*un4 

ling of^Wr’iiiaMef. that It is iLe esse f 
that they cat.* ^t be lcitr>J rgeept 

I th rough that « ffi e The TowaaLip 
l.nn, m- ly. hare I ■ - n runeyrd in tb » 
county I would r-jg^.at that yon give 
| particular instruct! *n* up t> this yoanl 
; 1 hire rm desire to pr fit l 1 the rrr -sa 
jou* ojif.ions of partu* Lold.og tl<** 
warranla 

No public mid a of any i-rj r linen 
hare been surrcy<.d in t’ is r n.ij •■•c« 
the report of my | r. I f to whofe 

remark* up->n the »ul;-.t I o ald Hf 
spectfully refer, they . .fcr t? « rati 
ground and have notbiig m re to 
said at this litre evert* ih t t l i«rv 
of *creral cnantr r a la ia m t' '.»■ 
lion, which will be duly rrporleJ to 

office. 

Thrre arc many evcrT.-ot . c * *. '« 
Seminar . * iu tVm t w.ty T' Sa*l» 
Flar* College, at lb* lean cf ‘ ff*i|« 
Clara, w*a founded in Ih'l ard kb* 

I *mce been incorporated Ly an » t .( tbs 
I Lcgi«l*t«re It n ui hi lb* mu »^ 
menl of the fall m vf lb f ty Jr 
•leva*, and V*« every f*f l.ry f t tke 
tliofo igh cl i al.oB*' I ph..i *1 t/aiw 
ing of it* pup/t In t*f,i n 

aapOi litur 1 , f ^nrvirt Ike *r<c([ 

M fotnrn»di<«o« b 01 f| 1 r - * an I l«rr 
nfUl* ground* tb* a«m of ftOf 
k.ran etiKOlrd in prr-e«rif*g *< 
clnninl *nd phi!->*n|h v| i^|L 
•kVk enmpri*e« nuit r*»« stj «■« 

•it* initr«m«at* rbeoi^calt. A e ** 

>k*« I* ill* 





>■’fiR inTan!, 

- •» »i l»»i*« •<* 

•f« MMOklt; Ui«* , 

S*r c.fr.i f,it 1 , 

-- II. »»•! •lir.tiir. Ivl Ml 
n»M iuiiuiiM i. ik< UuhTWpr 
hjt •« I «o«p,u« • Pndhti, 

rn*i*wl. TrSfct 

w5itt, ,u * buU •••¥ % 

Tk. A«id, w , of Kulr. Dm 
f<n*t Mm. i. .iu.irj i„ h,„ A 

V* , V* k '* UJ ,M ' b Ik" 

I>, . Tk.r. „/.koJ 
i» l.dtc „f ik. Oil,., r,.,m 

ik. All.oti, Slllo^ .bo I..,, rtT. 

“* •*) .ii.ii ,1 to ,n 1 

"ruining lo n. 

Ik. koiljiiig, , r „ „f 
“ .omliooiion K* 1.1 

• r, in ,„| l.iiY 1 *-.,,. 

-, li, | ■ >'«Al.nl 

MH ’ Imtitutio* hi* at 

»;cure place 11 , the rooM^eo 
•p’* wf tbia Jlt»l* li» iXal 

»ua at the rloa.. of each «SR,n. 

’' S«ul 1 Clara Cotfkw. 

I... an.| , ro ,|||. 0 j;,j 
>1* nn.J v ■<(. t I., „ il, . r ewrf ,. t | 

Ik. Hlnu. uua.nkj. ,, ' 
k Mll.f. I, n at il, a,| M inkU' 
■’ ’■ Ik" ,t. . .. . 

I . 1 ,on,Ur ,.f |.o,,i|, .loriB, 
w.a.on 10 fell l.f arlm ola,*.». 

• r. fa| o.k,r ii.nth jlioM nfl 
m Ik.. , It,I,, ak.ql .k|a|,, 

r • in».‘ 01 ..I- in Ik, , 

*» •'! I have It u unthle I* qh 
l‘*LI mfi. tuaii'n Tbi Unit r 
'k- I-...a- | I- K malo 0 u „ 

it*'I.. 1 .1 I t r, ■I H 
>1 ■ I U.ll. at . 0 , 1 , t'„„ 

‘H'.t.-I to I,, 3 ,| C01wi 

t.ota; ,|„ |a„, r. .I„ek 1 , 

' '* »•'-'» . . . i r loo di„e. , 

I.O* of Ha Pr-n. 

( "ill a )J that t»o nr* I’ul.li, Sokrot 
lW'. k.<,, t «||.k tl „ or. 1 t«*J iD .kia 
f- *• 1 ■* "t ok in *1 ‘00 carl,, „r 

t.rj M.-. IIcnt 11 , 1 , an I lii.i.f, and form 
;•<* I 1 fntrall t„ Ik, odit,,. 

Un, .It ,•, | |. v , pnf .j, aftjpoj»-' 

ri *' * ' t-. ll, „ i„ - 

<••• . • -t ; at,.| IS 

' i’’- jfcstfL-'Ci g—; 

1 * rj »»J«r ( tpi..v okli^onf lo ||, 

* til n PJf. Tor i^f ru.it!<fb iirl'. ,.. 

frrtioni, r.laii,, t0 Ballon gllod.d to 

t '* !*?* «.n W. 0 MtDooral- 

•> N riiolf.. of 8an Jom, nili - = 
_ niv »ckr.o»U,lgni«nt» 
iVosiug. permit uic la add, that »y 
Uncut* would not allow *f m U^ 

p Ihi* report at an catlicr date_ 

which is subiuittcd, 

A'ery r»spectfully, 

• H.H.jot it «SuTU»-U*»Vy. 
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